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wherein and fi? ate an acid-dissociable monovalent organic group, is hydrogen, monovalent (halogenated) 
hydrocarbon, halogen, or amino, is monovalent (halogenated) hydrocarbon group, or halogen. A method of prepar- 
ing such a polyslloxane, a silicon-containing aiicyciic compound providing this polyslloxane, and a radiation-sensitive 
resin composition comprising this poiysiloxane are also provided. The polyslloxane is useful as a resin component for 
a resist material, effectively senses radiation with a short wavelength, exhibits high transparency to radiation and su- 
perior dry etching properties, and excels in basic resist properties required for resist materials such a& high sensitivity, 
resolution, deveiopability.'etcr - ~ — — — — — ^. -._ — „ _ - - - ^ ^ _. 
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Description 

BACKGROUND OF THE INVENTiON 
Field of the Invention 

[0001] The present invention relates to a polysiloxane and a method of preparing the same, a silicon-containing 
alicyclic compound, and a radiation-sensitive resin composition containing the polysiloxane suitable for use inmicro- 
fabrication utilizing radiation. 

Description of the Background Art 

[0002] A recent strong demand for high density and highly integrated LSIs accelerates miniaturization of wiring pat- 
terns. 

[0003] Using short wave rays in a lithographic process is one method for miniaturizing wiring patterns, in recent 
years, deep ultraviolet rays typified by a KrF excimer laser (wavelength: 248 nm) or an ArF excimer laser (wavelength: 
193 nm), electron beams, X rays, and the like are being used in place of ultraviolet rays such as g-ilne (wavelength: 
436 nm), i-line (wavelength: 365 nm), etc. Use of an F2 excimer laser (wavelength: 157 nm) is also being studied. 
[0004] Novolac resins, poly (vinylphenol), and the like have been used as resin components for conventional resist 
compositions. However, because these resins exhibit strong absortDance at a wavelength of 193 nm due to inclusion 
of aromatic rings in the structure, a lithographic process by an ArF excimer laser, for example, using these resins 
cannot provide high accuracy corresponding to high photosensitivity, high resolution, and a high aspect ratio. 
[0005] Therefore, a resin for use in a resist, transparent to a wavelength of 1 93 nm or less, particularly to a wavelength 
of 1 57 nm, and exhibiting excellent dry etching resistance equivalent to or better than aromatic rings has been desired. 
A polysiloxane is one such a polymer. R. R. Kunz at al. of the MIT have reported their research results showing excellent 
transparency of a polysiloxane at a wavelength of 193 nm or less, particularly at 157 nm, commenting on superiority 
of this polymer as a resist in a lithographic process using radiation with a wavelength of 1 93 nm or less (J . Photopolym. 
Sci. Technoi., Vol. 12, No.4, 1999). ly/loreover. polysiloxanes are known to exhibit excellent dry etching properties. In 
particular, a resist containing poiyorganosilsesquioxane having a ladder structure is known to possess high plasma 
resistance. 

[0006] Several resist materials using a siloxane polymer have also been reported. For example, Japanese Patent 
Publication No. 323611/1993 discloses a radiation-sensitive resin composition comprising a polysiloxane having an 
acid-dissociable group such as a carboxylic acid group, phenol ether group, etc., on the side chain, bonded to a silicon 
atom via one or more carbon atoms. Japanese Patent Application Laid-open No. 160 623/1996 discloses a positive 
tone resist using poly(2-cari3oxyethylsiioxane) in whteh the cartjoxyl group is protected with an acld-dissoclable group 
such as a t-butyl group. Japanese Patent Application Laid-open No. 60733/1999 discloses a resist resin composition 
in which a poiyorganosilsesquioxane providing an acid-decomposable ester group is used. However, resist materials 
using these conventional siloxane polymers containing an acid-dissociable group have not been satisfactory in pro- 
ducing basic properties in a resist such as transparency to radiation, resolution, developability, and the like. 
[0007] Japanese Patent Publication No. 302382/1999 discloses a siloxane polymer having a non-aromatic mono- 
cyclic or polycyclic hydrocarbon group or a bridged cyclic hydrocariaon group containing a carboxyl group on the side 
chain, at least part of the cari^oxyi group being replaced by a group unstable to an acid, and a resist material containing 
such a polymer. This resist material exhibits small absorbance of a KrF excimer laser (wavelength: 248 nm) or an ArF 
excimer laser (wavelength: 193 nm), produces fine pattern configuration, and excels in properties such as sensitivity, 
resolution, dry etching resistance, etc. However, even if the above-mentioned siloxane polymer is considered, there 
are few siloxane polymer useful as a resin component of a resist material. Anew siloxane polymer which can provide 
a resist material effectively sensing radiation with a short wavelength, exhibiting high transparency to radiation and 
superior anti-dryetching properties, and excelling in basic resist properties, and a silicon compound which can produce 
such a siloxane polymer are important subjects of development in view of the fast advance in microprocessing tech- 
nologies for semiconductors. 

[0008] Therefore, an object of the present invention is to provide a novel polysiloxane useful as a resin component 
for a resist material effectively sensing radiation with a short wavelength, typified by a KrF excimer laser (wavelength: 
248 nm), and an ArF excimer laser (wavelength: 193 nm), and an F2 excimer laser (wavelength: 157nm), exhibiting 
high transparency to radiation and superior dry etching properties, and excelling in basic resist properties required for 
resist materials such as high sensitivity, resolution, developability, etc.; a method of preparing such a polysiloxane; a 
silicon-containing alicyclic compound providing this polysiloxane; and a radiation-sensitive resin composition compris- 
ing this polysiloxane. 

[0009] Therefore, an object of the present invention is to provide a novel polysiloxane useful as a resin component 
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for a resist material effectively sensing radiation with a short wavelength, typified by a KrF exclmer laser (wavelength: 
248 nm), and an ArF exclmer laser (wavelength: 193 nm), and an F2 exclmer laser (wavelength: 157nm), exhibiting 
high transparency to radiation and superior dry etching properties, and excelling in basic resist properties required for 
resist materials such as high sensitivity, resolution, developability, etc.; a method of preparing such a polysiloxane; a 
silicon-containing alicycllc compound providing this polysiloxane; and a radiation-sensitive resin composition compris- 
ing this polysiloxane. 

SUMMARY OF THE INVENTION 
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[001 0] The present Invention provides a polysiloxane having the structural unit (I) and/or structural unit (II) and struc- 
tural unit (III), shown In the following fomnula (1 ), and having a polystyrene-reduced weight average molecular weight 
detemnlned by gel pemrieation chromatography (GPC) in the range of 500-1 ,000,000 (this polysiloxane is hereinafter 
referred to as "polysiloxane (1)"), 
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Wherein A"" and A^ individually represent a monovalent organic group having an acld-dlssociable group which disso- 
ciates by an action of an acid; R"" represents a hydrogen atom, a monovalent hydrocarbon group having 1-20 carbon 
atoms, a monovalent halogenated hydrocarbon group having 1-20 carbon atoms, a halogen atom, or a primary, sec- 
ondary, or tertiary amino group; and R2 represents a monovalent hydrocarbon group having 1-20 carbon atoms, a 
monovalent halogenated hydrocaribon group having 1-20 carbon atoms, a halogen atom, or a primaiy, secondary, or 
tertiary amino group. 

[0011] The present invention further provides a radiation-sensitive resin composition comprising: (a) a resin which 
comprises an alkali soluble or alkali low soluble polysiloxane copolymer, having the above structural unit (t) and/or 
structural unit (II) and structural unit (III), having a polystyrene-reduced weight average molecular weight detemnlned 
by gel permeation chromatography (GPC) in the range of 500-1 ,000.000, and becoming soluble In alkali when an acid- 
dlssociabie group dissociates, and (b) a photoacid generator 

[0012] The present invention further provides a silicon-containing alicycllc compound represented by the following 
formula (2-A) or (2-B) (hereinafter referred to as "silicon-containing alicycllc compound (2)"), 
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O CH3 

(2-A) (2-B) 

wherein R individually represents a hydrogen atom or a methyl group; R** individually represents a hydrogen atom, a 
monovalent hydrocarbon group having 1 -20 carbon atoms, a monovalent halogenated hydrocarbon group having 1 -20 
carbon atoms, ahalogen atom, or a primary, secondary, or tertiary amino group; and R^ individually represents a mono- 
valent hydrocarbon group having 1-20 carbon atoms, a monovalent halogenated hydrocarbon group having 1-20 car- 
bon atoms, or the group of the following fomiula (i). 




wherein X individually represents a hydrogen atom, a monovalent hydrocarbon group having 1-20 cartjon atoms, a 
monovalent halogenated hydrocarbon group having 1-20 carbon atoms, or a linear, branched, or cyclic alkoxyl group 
having 1-20 carbon atoms, and a Indicates an integer of 1-10, or, when m Is 0 or 1, two R^s may fomn a ring together 
with two oxygen atoms and the silicon atom; Y individually represents a hydrogen atom, a monovalent hydrocarbon 
group having 1 -20 carbon atones, a monovalent halogenated hydrocarbon group having 1-20 carbon atoms, a halogen 
atom, a primary, secondary, or tertiary amino group, or a group =OR3 (wherein R3 is the same as defined above); m 
is an integer of 0-3; p is an integer of 3-10; and n is an integer of 0-3; the silicon atom binding with the 2 or 3 position 
of the uppemnost blcyclo[2.2.1]heptane ring. 

[001 3] The present invention further provides a polysiloxane having the structural unit (1-1 ) and/or structural unit (II- 
1), shown by the following fomiulas, and having a polystyrene-reduced weight average molecular weight detemiined 
by gel pemrieation chromatography (GPC) in the range of 500-1 ,000,000 (this polysiloxane is hereinafter referred to 
as "polysiloxane (3)"), 
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C-0-C(CH3)3 C-0-C(CH3)3 

o o 

(1 I) (ll-l) 



wherein R individually represents a hydrogen atom or a methyl group, represents a hydrogen atom, a monovalent 
hydrocarbon group having 1-20 carbon atoms, a monovalent halogenated hydrocarbon group having 1-20 carbon 
atoms, a halogen atom, or a primary, secondary, or tertiary amino group, and n' is an Integer from 1 -3, the silicon atom 
binding with the 2 or 3 position of the uppemiost blcyclo[2.2.1]heptane ring. 

[0014] The present invention further provides a silicon-containing alicyclic compound represented by the following 
fonnula (4-A) or (4-B) (hereinafter referred to as "silicon-containing alicyclic compound (4)"), 




wherein R individually represents a hydrogen atom or a methyl group; R"" individually represents a hydrogen atom, a 
monovalent hydrocarbon group having 1 -20 carbon atoms, a monovalent halogenated hydrocarbon group having 1 -20 
carbon atoms, a halogen atom, or a primary, secondary, or tertiary amino group; R^ individually represents a monovalent 



EP1 142 928 A1 



hydrocarbon group having 1-20 carbon atonns, a monovalent halogenated hydrocarbon group having 1-20 carbon 
atoms, or the group of the following fonmula (i), 




wherein X Individually represents a hydrogen atom, a monovalent hydrocarbon group having 1-20 carbon atoms, a 
monovalent halogenated hydrocarbon group having 1 -20 carbon atoms, or a linear, branched, or cyclic alkoxyl group 
having 1-20 carbon atoms, and a Indicates an integer of 1-10, or, when m is 0 or 1 , two R^s may form a ring together 
with two oxygen atoms and the silicon atom; Y individually represents a hydrogen atom, a monovalent hydrocarbon 
group having 1 -20 carbon atoms, a monovalent halogenated hydrocarbon group having 1 -20 carbon atoms, a halogen 
atom, a primary, secondary, or tertiary amino group, or a group =OR3 (wherein is the same as defined above); m 
is an Integer of 0-3; p is an integer of 3-1 0; and n is an integer of 0-3; the silicon atom binding with the 2 or 3 position 
of the uppemnost bicycIo[2.2.1]heptane ring. 

[0015] The present invention further provides a polysiloxane having the stnjctural unit (1-2) and/or structural unit (II- 
2), shown by the following fomiulas, and having a polystyrene-reduced weight average molecular weight determined 
by gel pemrieation chromatography (GPC) in the range of 500-1,000,000 (this polysiloxane is hereinafter referred to 
as "polysiloxane (6)"), 




wherein R individually represent a hydrogen atom or a methyl group, Ri represents a hydrogen atom, a monovalent 
hydrocarbon group having 1-20 carbon atoms, a monovalent halogenated hydrocarbon group having 1-20 carbon 
atoms, a halogen atom, or a primary, secondary, or tertiary amino group, Rf represents a hydrogen atom, methyl group, 
or trifluoromethyl group, Z represents a hydrogen atom or a monovalent organic group dissociating hydrogen atoms 
with an action of an acid, and n is an Integer of 0-3, the silicon atom binding with the 2 or 3 position of the uppermost 

blcyclo[2.2.1]heptane ring. — . - . . ^...^ . . _ . 

[0016] The present Invention further provides a radiation-sensitive resin composition comprising: 

(a) an alkali soluble or alkali low soluble polysiloxane comprising at least one structural unit selected from the 
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structural unit (l-V) and the stmctural unit (11-1 shown by the following fonnulas, 
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wherein R indlviduaily represents a hydrogen atom or a methyl group, represents a hydrogen atom, a 
monovalent hydrocartjon group having 1-20 carbon atoms, a monovalent haiogenated hydrocarbon group 
having 1-20 carbon atoms, a halogen atom, or a primary, secondary, or tertiary amino group, Z' represents a 
monovalent organic group dissociating by the action of oxygen to produce hydrogen atoms, and and n' is an 
integer from 1 -3, the silicon atom binding with the 2 or 3 position of the uppemiost bicyclo[2.2.1]heptane ring; 
and having a polystyrene-reduced weight average molecular weight detemnined by gel permeation chroma- 
tography (GPC) In the range of 500-1 ,000,000 (hereinafter referred to as "Polysiloxane (3')") , and an alkali 
soluble or alkali low soluble polysiloxane comprising at least one structural unit selected from the structural 
unit (1-2) and the structural unit (11-2), shown above, and having a polystyrene-reduced weight average mo- 
lecular weight detennined by gel pemneation chromatography (GPC) in the range of 500-1,000,000, the resin 
becoming soluble in alkali when the acid-dissociable group dissociates; and 

(b) a photoacid generator. 

[001 7] The present invention further provides a method of preparing a polysiloxane having the structural unit (1) and/ 
or stmctural unit (II) and structural unit (III), shown above, and having a polystyrene-reduced weight average molecular 
weight detemnined by gel pemneation chromatography (GPC) In the range of 500-1 , 000, 000. the method comprising 
a step of polycondensing at least one component selected from the group consisting of a compound shown by the 
following fomnula (6) or a linear of cycllcollgomer prepared by partial condensation of this compound and/or at least 
one component selected from the group consisting of a compound shown by the following fomnula (7) or a linear of 
cyclic oligomer prepared by partial condensation of this compound, and at least one component selected from the 
group consisting of a compound shown by the following formula (8) or a linear of cyclic oligomer prepared by partial 
condensation of this compound In the presence of an acidic catalyst. 
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Wherein A*" and individually represent a monovalent organic group having an acid-dissociable group which disso- 
ciates by an action of an acid, represents a hydrogen atom, a monovalent hydrocarbon group having 1 -20 carbon 
atoms, a monovalent halogenated hydrocarbon group having 1-20 carbon atoms, ahalogen atom, or a primary, sec- 
ondary, or tertiary amino group, R2 represents a monovalent hydrocarbon group having 1-20 carbon atoms, a mono- 
valent halogenated hydrocarbon group having 1 -20 carbon atoms, a halogen atom, or a primary, secondary, or tertiary 
amino group, and R3 individually represents a monovalent hydrocarbon group having 1 -20 carbon atoms, a monovalent 
halogenated hydrocarbon group having 1 -20 carbon atoms, or the group of the following formula (0, 



35 wherein X individually represents a hydrogen atom, a monovalent hydrocarbon group having 1-20 carbon atoms, a 
monovalent halogenated hydrocarbon group having 1-20 carbon atoms, or a linear, branched, or cyclic alkoxyl group 
having 1-20 carbon atoms, and a indicates an integer of 1-10. 

[0018] The present invention further provides a method of preparing a polyslloxane having the structural unit (1-1) 
and/or structural unit (11-1), shown above, and having a polystyrene-reduced weight average molecular weight deter- 
40 mined by gel pemneation chromatography (GPC) in the range of 500-1,000,000, the method comprising a step of 
polycondensing at least one component selected from the group consisting of the silicon-containing alicyclic com- 
pounds having the above-described fonnulas (2-A) or (2-B) or a linear or cyclic oligomer prepared by partial conden- 
sation of this silicon-containing alicyclic compound in the presence of an acidic catalyst. 

[0019] The present Invention further provides a method of preparing a polysiloxane having the structural unit (1-2) 
45 and/or structural unit (11-2), shown above, and having a polystyrene- reduced weight average molecular weight deter- 
mined by gel pemieatlon chromatography (GPC) in the range of 500-1 ,000,000, the method comprising a step of 
polycondensing at least one component selected from the group consisting of the silicon-containing alicyclic com- 
pounds having the above-described fomriulas (4-A) or (4-B) or a linear or cyclic oligomer prepared by partial conden- 
sation of this silicon-containing alicyclic compound in the presence of an acidic catalyst. 
50 [0020] Other objects, features and advantages of the invention will hereinafter become more readily apparent from 
the following description . 

DETAILED DESCRIPTION OF THE INVENTION AND PREFERRED EI\/IBODiMENTS 
55 [0021] The present invention will be described in more detail below^ " ^ " - -- - - - - - . . 
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Polysiloxane (1) 

[0022] Polysiloxane (1) has the structural unit (I) and/or structural unit (II) and structural unit (III), each having a 
formula shown above. 

[0023] As the monovalent organic group having an acid-dissociable group dissociable by the action of an acid, rep- 
resented by Ai and A2 in the structural unit (I) and/or structural unit (II), groups which dissociate In the presence of an 
acid to produce a carboxyl group, phenolic hydroxyl group, or alcoholic hydroxy I group, and are stable under the reaction 
conditions for preparing the polysiloxane (1 ) can be given. As preferable specific examples, the groups shown by the 
following fomaula (9) (hereinafter refen-ed to as "an acid-dissociable group (a)"), the following formula (1 0) (hereinafter 
refen-ed to as "an acid-dissociable group (p)"), the following fonmula (11) (hereinafter refen-ed to as "an acid-dissociable 
group (y)"), and the like can be given. 



_P_Q_Z- (9) 

15 

wherein p indicates a single bond, methylene group, difluoromethylene group, alkylene group having 2-20 carbon 
atoms, fluoroaikylene group having 2-20 carbon atoms, divalent aromatic group having 6-20 carbon atoms, or divalent 
alicyclic group having 3-20 carbon atoms, Q represents a group -O- or -COO-. and Z' represents a monovalent organic 
group dissociating by the action of oxygen to produce hydrogen atoms. 
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wherein R individually represents a hydrogen atom or a methyl group and n is an integer of 0-3, the free bonding hands 
40 binding with the 2 or 3 position of the uppennost blcyclo[2.2.1 Jheptane ring. 
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wherein R individually represents a hydrogen atom or a methyl group, Rf represents a hydrogen atom, methyl group, 
or trifluoromethyl group, 2' represents a monovalent organic group dissociating by the action of oxygen to produce 
hydrogen atoms, and n is an Integer of 0-3, the free bonding hands binding with the 2 or 3 position of the uppermost 
bicycio [2.2.1] heptane ring. 

[0024] As examples of the alkylene group having 2-20 carbon atoms represented by P in the acid-dissociable group 
(a), ethylene group, n-propylene group, i-propylene group, n-butylene group, and the like can be given. 
[0025] As examples of the fluoroalkylene group having 2-20 carbon atoms represented by P, a tetrafiuoroethylene 
group, hexafluoro-n-propylene group, octafluoro-n-butylene group, and the liice can be given. 
[0026] As examples of the divalent aromatic group having 6-20 carbon atoms represented by P, a phenylene group, 
naphthylene group, perfluorophenylene group, perfluoronaphthylene group, and the like can be given. 
[0027] As examples of the divalent allcyclic group having 3-20 carbon atoms represented by P, a divalent hydrocarbon 
group having a norbornene skeleton, tricyciodecane skeleton, or adamantane skeleton and a hallde of such a hydro- 
carbon group can be given. 

[0028] As the group P in the acid-dissociable group (a), a single bond, methylene group, difluoromethylene group, 
a divalent hydrocarbon group having a norbornene skeleton, its halide derivative, a divalent hydrocarbon group having 
an adamantine skeleton, its hallde derivative, and the like are preferable. 

[0029] As examples of the monovalent organic group dissociating a hydrogen atom by the action of an acid repre- 
sented by 2* in the acid-dissociable group (a) and acid-dissociable group (7) , a tertiary alkyi group, a group forming 
an acetal group together with the oxygen atom with which the group Z' binds (hereinafter referred to as an "acetal- 
forming group") , a substituted methyl group, 1 -substituted ethyl group, 1 -branched alkyI group (excluding tertiary alkyI 
groups), silyl group, gennyl group, alkoxycarbonyl group, acyl group, cyclic acid-dissociable group, and the like can 
be given. 

[0030] As examples of the tertiary alkyI group, a t-butyl group. 1,1-dlmethylpropyl group, 1-methyl-1-ethylpropyi 
group, 1,1-dimethylbutyl group. 1 -methyl -1 -ethylbutyl group, 1 ,1-dimethylpentyl group, 1 -methyl- 1-ethylpenty I group, 
1,1-dimethylhexyl group, 1,1-dlmethylheptyl group, 1,1-drmethyloctyl group, and the like can be given. 
[0031] As examples of the acetal -fomning group, a methoxymethyl group, ethoxymethyl group, n-propoxymethyl 
group, i-propoxymethyl group, n-butoxymethyl group, t-butoxymethyl group, n-pentyloxymethyl group, n-hexyloxyme- 
thyl group, cyclopentyloxymethyl group, cycle hexytoxy methyl group, 1-methoxy ethyl group, 1 -ethoxyethyl group, 1-n- 
propoxyethyl group, 1 -i-propoxyethyl group, 1-n-butoxyethyl group, 1 -t-butoxyethyl group, 1 -n-pentyloxyethyl group, 
1-n-hexyloxyethyl group. 1-cyclopentyloxyethyl group, 1 Kjycl oh exyloxy ethyl group, 1 -methoxypropyl group, 1-ethoxy- 
propyl group, (cyclohexyl)(methoxy)methyl group, (cyclohexyl)(ethoxy)methyl group, (cyclohexyl) (n-propoxy)methyl 
group, (cyclohexyl) (l-propoxy)methyl group, (cyclohexyl)(cyclohexyloxy)methyl group, and the like can be given. 
[0032] As examples of the substituted methyl group, a phenacyl group, p-bromophenacyl group, p-methoxyphenacyl 
group, p-methylthiophenacyl group, a-methylphenacyl group, cyclopropylmethyl group, benzyl group, diphenylmethyl 
group, triphenylmethyl group, p-bromobenzyl group, p-nitrobenzyl group, p-methoxybenzyl group, p-methylthiobenzyl 
-group, p-ethoxybenzyl group^ p-ethylthiobenzyl group, piperonyl group, methoxycarbonylmethyl group, ethoxycarbo- 
nylmethyl group, n-propoxycarbonylmethyl group, i-propoxycarbonylmethyl group, n-butoxycarbonylmethyl group, t- 
butoxycarbonylmethyl group, and the like can be given. 

[0033] As examples of the 1 -substituted ethyl group, a 1 -cyclopropylethyl group. 1 -phenylethyl group, 1 ,1 -dlphenyle- 
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thyl group, 1 -methoxycarbonylethyl group, 1 -ethoxycarbonylethyl group, 1 -n-propoxycarbonyfethyl group, 1-i-propox- 
ycarbonylethyl group, 1 -n-butoxycarbonylethyl group, 1 -t-butoxycarbonylethyl group, and the like can be given. 
[0034] As examples of the 1 -branched alkyi group, i-propyl group, sec-butyl group, 1 -methylbutyl group, and the like 
can be given. 

[0035] As examples of the silyl group, a trimethylsilyl group, ethyldimethylsityl group, methyldiethylsilyl group, tri- 
ethylsilyl group, i-propyldimethylsilyl group, methyldi-i-propylsllyl group, tri-l-propylsily! group, t-butyldimethylsilyl 
group, methyldi-t-butylsilyl group, tri-t-butylsilyl group, phenyldlmethylsilyl group, methyldiphenylsilyl group, triphenyls- 
iiyl group, and the like can be given. 

[0036] As examples of the gemnyl group, a trimethylgemnyl group, ethyldimethylgemiyl group, methyldiethylgermyl 
group, triethylgemiyl group, i-propyldlmethylgemnyl group, methyldi-i-propylgemriyl group, tri-l-propylgemiyl group, t- 
butyldimethylgermyl group, methyldi-t-butylgemiyl group, tri-t-butylgennyl group, phenyldimethylgemnyl group, meth- 
yldlphenylgemnyl group, triphenylgermyl group, and the like can be given. 

[0037] As examples of the alkoxycarbonyl group, a methoxycarbonyl group, ethoxycarbonyl group, i-propoxycarbonyl 
group, t-butoxycarbonyl group, and the like can be given. 

[0038] As examples of the acyl group, an acetyl group, propionyl group, butyryl group, heptanoyi group, hexanoyi 
group, valeryl group, pivaloyi group, isovaleryl group, lauryloyi group, myristoyi group, palmitoyi group, stearoyi group, 
oxalyl group, malonyl group, scucinyl group, glutaryl group, adipoyi group, piperoyi group, suberoyi group, azelaoyi 
group, sebacoyi group, acryloyi group, propioloyi group, methacryloyi group, crotonoyi group, oleoyi group, maleoyi 
group, fumaroyi group, mesaconoyi group, campholoyi group, benzoyl group, phthaloyi group, isophthaloyi group, 
terephthaloyi group, naphthoyi group, toluoyi group, hydroatropoyi group, atropoyi group, cinnamoyi group, furoyi 
group, thenoyi group, nicotinoyi group, isonicotlnoyi group, p-toluenesulfonyl group, mesyl group, and the like can be 
given. 

[0039] As examples of the cyclic acid-dissociable group, an 3-oxocyclohexyl group, tetrahydropyranyl group, tet- 
rahydrofuranyl group, tetrahydrothlopyranyl group, tetrahydrothiofuranyl group, 3-bromotetrahydropyranyl group. 
4-methoxytetrahydropyranyl group, 2-oxo-4-methyl-4-tetrahydropyranyl group, 4-methoxytetrahydrothlopyranyl group, 
3-tetrahydrothlophene-1 ,1 -dioxide group, and the like can be given. 

[0040] As the monovalent organic group dissociating a hydrogen atom by the action of an acid represented by Z' in 
the acid-dissociable group (a) and acid-dissociable group {-fi, at-butyl group, t-butoxycarbonyl group, tetrahydropyranyl 
group, tetrahydrofuranyl group, methoxymethyl group, ethoxymethyl group, 1 -met hoxy ethyl group, 1 -ethoxy ethyl 
group, t-butyldimethylsityl group, and the like are preferable. 

[0041] As the group R in the acid-dissociable group (P) and acid-dissociable group (y), both the hydrogen atom and 
methyl group are preferable, n is preferably 0 or 1 . 

[0042] As the group Rf in the acid-dissociable group (y), any of the hydrogen atom, methyl group, and trifluoromethyl 
group are preferable. 

[0043] in polysiloxane (1), an acid-dissociable group (p) Is partlcularty preferable as the group A^, with an acid- 
dissociable group (P) in whteh n is 1-3 being ideal. As the group A^, an acid-dissociable group (7) is particularly pref- 
erable. 

[0044] In the group R"" in the structural unit (II) and the group R2 in the structural unit (III), given as examples of the 
monovalent hydrocarbon groups having 1-20 carbon atoms are a linear or branched alkyi groups such as a methyl 
group, ethyl group, n-propyl group, i-propyl group, n-butyl group, 2-methylpropyl group, 1 -methylpropyl group, t-butyl 
group, n-pentyl group, neopentyl group, n-hexyl group, n-heptyl group, n-octylgroup.2-ethyIh6xylgroup,n-nonyl group, 
n-decyl group, n-dodecyl group, n-tetradecyl group, n-hexadecyl group, n-octadecyl group, n-eicosyl group, and the 
like; cycloall^l groups such as a cyclobutyl group, cyclopentyl group, cyclohexyl group, and the like; aromatic hydro- 
carbon group such as a phenyl group, o-tolyl group, m-tolyl group, p-tolyl group, benzyl group, phenethyl group, 1 -naph- 
thyl group, 2-naphthyl group, and the like; and bridged hydrocarbon groups such as norbomyl group, tricyclodecanyl 
group, tetracyclodecanyl group, adamantyl group, and the like. 

[0045] Of these monovalent hydrocarbon groups, a methyl group and ethyl group are preferable. 
[0046] As examples of the monovalent halogenated hydrocarbon group having 1 -20 carbon atoms, a monovalent 
hydrocarbon group having 1-20 carbon atoms in which one or more hydrogen atoms are replaced by one or more 
halogen atoms, preferably a fluorine atom, can be given. Specific examples include a trifluoromethyl group, pentafluor- 
oethyl group, 3,3,3,2,2-pentafluoro-n-propyl group, perfluoro-n-propyl group, perfluoro-i-propyl group, and the group 
shown by the following formula (ii), 
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wherein Rf' individually represents a hydrogen atoms or fluorine atom, with at least one of the Rfs being a fluorine 
atom, and b Is an Integer of 0-4, 

2- (pentafluorophenyl) hexafluoro-n-propyl group, 

3- (pentafluorophenyl) hexafluoro-n- propyl group, perfluoronorbomy! group, and the like can be given. 

[0047] Among these monovalent halogenated hydrocarbon groups, a trifluoromethyl group, a pentafluoroethyl group, 
a group of the formula (ii) in which 5 Rf's are fluorine atoms and b is 0, a group of the fonnula (ii) In which 5 Rfs are 
fluorine atoms and b is 1 , a group of the fonnula (il) in which 5 Rf s are fluorine atoms and b Is 2, 3-(pentafluorophenyl) 
hexafluoro-n-propyl group, and the like are preferable. 

[0048] As examples of halogen atoms, a fluorine atom, chlorine atom, and bromine atom can be given, with a chlorine 
atom being particularly preferable. 

[0049] Given as examples of secondary or tertiary amino groups are methylamino group, ethylamino group, n-pro- 

pylamino group, i-propylamino group, n-butylamino group, cyclopentylamino group, cyclohexylamino group, phe- 

nylamino group, benzylamino group, dimethylamino group, diethylamino group, dl-l-propylamino group,' dicy- 

clopentylamino group, dicyclohexylamino group, diphenylamino group, dibenzylamino group, and the like. 

[0050] As the amino groups for R'' and R2, an amino group, dimethylamino group, diethylamino group, dicy- 

clopentylamlno group, dicyclohexylamino group, diphenylamino group, and the like are preferable. 

[0051] As Ri in the structural unit (II) and R2 in the structural unit (HI), a methyl group, ethyl group, cyclohexyl group. 

trifluoromethyl group, pentafluoroethyl group, perfluoroph en ethyl group, 3-(pentafluorophenyl)hexafluoro-n-propyi 

group, chlorine atom, dimethylamino group, and the like are preferable. 

[0052] The stmctural unit (I), structural unit (II), and structural unit (III) may be used In the polyslloxane (1) either 
individually or in combination of two or more. 

[0053] The specific content of these structural units in the polyslloxane (1) may vary according to the types and 
combinations of the structural units, the application of the polyslloxane (1), and the like. A preferable specific content 
of each unit may be suitably detemiined by experiments and the like . The amount of the structural unit (I) is usually 
1-95 mol%, preferably 5-80 mol%, and particulariy preferably 10-60 mol% of the total amount of the structural units. 
The amount of the structural unit (II) Is usually 95mol% or less, preferably 0-50 mol%, and particularly preferably 0-30 
mol% of the total amount of the structural units . The amount of the structural unit (III) is usually 5-95 mol%, preferably 
20-95 mol%, and particulariy preferably 40-90 mol% of the total amount of the structural units. The total of the structural 
unit (I) and the structural unit (II) is usually 1 -95 mol%, preferably 5-80 mol%, and particulariy preferably 10-60 mol% 
of the total amount of the structural units. 

[0054] If the amount of the structural unit (I) Is less than 1 mol%, resolution of the radiation-sensitive resin composition 
tends to decrease. If the amount exceeds 95 mol%, transparency tends to decrease. If the amount of the structural 
unit (II) is more than 95 mol%, the glass transition temperature and transparency of the resulting polymer tends to 
decrease. If the amount of the recun-ing unit (III) is less than 5 mol, transparency tends to decrease. If the amount 
exceeds 95 mol%, on the other hand, resolution of the radiation -sensitive resin composition tends to decrease. If the 
total amount of the structural unit 

(I) and the structural unit (II) is less than 1 mol%, solubility of the resulting resin composition in an alkaline developer 
tends to decrease. If the amount exceeds 95 mol%, solubility of the resulting resin composition in an alkaline developer 
tends to increase. In either case, it may become difficult for the resulting radiation-sensitive resin composition to form 
a highly accurate resist pattern shape. 

[0055] The amount of the structural units other than structural units (l)-(lll) is usually 90 mol% or less, and preferably 
95 mol% or less of the total amount of all structural units. 

[0056] The total amount of bi-f unctional structural units in the polycondensation reaction is usually 0-1 00 mol%, and 
preferably 1-100 mol%. The^tdtal amount"bf tri-functional stnjctural units in the polycondensation reaction is usually 
1-100 mol%, and preferably 2-100 mol%. The total amount of tetra-functional structural units In the polycondensation 
reaction is usually 90 moI% or less, and preferably 50 mol% or less. 

[0057] Usually, polyslloxane (1) has a ladder stnjcture as part of the molecular structure. The ladder structure is 
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principally introduced by a raw material having tri- or greater functional structure with respect to the potycondensation 
reaction. 

[0058] A typical ladder structure in polysiloxane (1 ) has a structural unit in which two or more of the recurring units 
(IV) to (VI) shown in the following fonmula (12) are combined together. 
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wherein A"* and are the same as previously defined in the above fomiula (1). 
20 [0059] The polystyrene-reduced weight average molecular weight (hereinafter referred to as "Mw") of the polysi- 
loxane (1) detemiined by gel pemieation chromatography (GPC)is 500-1 ,000,000, preferably 500-500,000, and par- 
ticularly preferably 1 , 000-100, 000. If the Mw is less than 500, the glass transition temperature of the resulting polymer 
tends to decrease. If the Mw exceeds 1 ,000,000, on the other hand, solubility of the resulting polymer In solvents tends 
to decrease. 

25 [0060] The glass transition temperature (Tg) of polysiloxane (1 ) is usually from -50 to 500^C, and preferably from 0 
to 300*C. If the glass transition temperature (Tg) of polysiloxane (1) is less than -50**C, pattem fomiation using the 
resulting radiation-sensitive resin composition tends to be difficult. If more than 500**C, solubility of the polymer in 
soh^ents tends to decrease. 

[0061] Polysiloxane (1) is usually insoluble or scarcely soluble in alkali, but becomes alkali-soluble when the acid- 
30 dissociable group dissociates. Thus, the polymer is particularly useful as an acid-dissociable group-containing resin 
component in radiation-sensitive resin compositions for mteroprocessing using various types of radiation such as deep 
ultraviolet radiation, electron beams, and X-rays. 

[0062] Polysiloxane (1) is also useful as a material forfabrbating formed articles and films, and as laminating ma- 
terials, components for coating compositions, and the like. 

35 

Silicon-containing alicyclic compound (2) 

[0063] In the silicon-containing alicyclic compound (2), as examples of the monovalent hydrocarbon group having 
1 -20 carbon atoms, monovalent halogenated hydrocarbon group having 1 -20 carbon atoms, halogen atom, or primary, 
40 secondary, or tertiary amino group represented by the corresponding groups previously mentioned in connection 
with the group R"* in the structural unit (II) of the polysiloxane (1) can be given. 

[0064] Amethyl group, ethyl group, cyclopentyl group, cyclohexyl group, nortsorny! group, tetracyclodecanyl group, 
and the like can be given as preferable monovalent hydrocariaon groups having 1-20 carbon atoms represented by 
R^ . Given as examples of preferable monovalent halogenated hydrocari^on groups having 1 -20 carison atoms repre- 
ss sented by R^ are a trifluorom ethyl group, pentafluoroethylgroup,3,3,3,2,2-pentafluoro-n-propylgroup, pentafluorophe- 
nyl group, o-fluorophenyl group, m-fluorophenyl group, p-fluorophenyl group, 2,3-difluorophenyl group, 2,4-difluoroph- 
enyl group, 2, 5-difluoro phenyl group, 2,6-difluorophenyl group, 3,4-difluoro phenyl group, 3,5-difluorophenyl group, 

2.3.4- trifluorophenyl group, 2,3,5-trifluorophenyl group, 2,3,6-trifluorophenyl group, 2,4,6-trifluorophenyl group, 

3.4.5- trifluorophenyl group, a group of the fomiula (ii) in which 5 Rf s are fluorine atoms and b is 1 , a group of the 
so fomiula (ii) in which 5 Rf s are fluorine atoms and b is 2, and the like. A chlorine atom is preferable as a halogen atom 

represented by R^ and an amino group, dimethylamino group, diethylamino group, dicyclopentylamino group, dicy- 
clohexylamino group, diphenylamino group, and the like are preferable as amino groups represented by RV 
[0065] -Partbularty.preferable groups represented by RVin the silicon-containing alicyclic compound (2) are a methyl 
group, ethyl group, cyclohexyl group, phenyl group, pentafluorophenyl group, chlorine atom, dimethylamino group, and 
55 the like. 

"™^[0066]"As^examples of the monovalent hydrocarbon groups having 1^20 cartDon a 

hydrocarbon group having 1-20 carbon atoms represented by R^, the corresponding groups previously mentioned in 
connection with the group R^ in the structural unit (II) of the polysiloxane (1 ) can be given. 
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[0067] A methyl group, ethyl group, n-propyl group, l-propyl group, and the like can be given as preferable monovalent 
hydrocarbon groups having 1-20 carbon atoms represented by R3. Given as examples of preferable monovalent hal- 
ogenated hydrocarbon groups having 1 -20 carbon atoms represented by R3 are a trifluoromethyl group, pentafluoroe- 
thyl group, 3,3,3,2,2-pentafluoro-n-propyl group.pentafluorophenylgroup, o-fluorophenyl group, m-fluorophenyl group, 
p-fluorophenyl group. 2,3-difluorophenyl group, 2,4-dlfluorophenyl group, 2,5-difluoro phenyl group, 2,6-difluorophenyl 
group, 3,4-dlfluoro phenyl group, 3,5-difluorophenyl group, 2,3,4-trifluorophenyl group, 2,3,5-trifluorophenyl group, 
2,3,6-trifluorophenyl group, 2,4,6-trifluorophenyl group, 3,4,5-trifluorophenyl group, a group of the formula (ii) in which 
5 Rf's are fluorine atoms and b is 1 , a group of the fomiula (Ii) in which 5 Rf's are fluorine atoms and b is 2, and the like. 
[0068] As examples of the monovalent hydrocarbon group having 1 -20 carbon atoms and monovalent halogenated 
hydrocarbon group having 1-20 carbon atoms represented by X in the fonnula (i), which shows an example of the 
group R3, the corresponding groups previously mentioned in connection with the group Ri in the structural unit (II) of 
the polysiloxane (1) can be given. 

[0069] As examples of the linear, branched, or cyclic alkoxyl groups having 1 -20 carbon atoms represented by X, a 
methoxy group, ethoxy group, n-propoxy group, i-propoxy group, i-butoxy group, sec-butoxy group, t-butoxy group, 
cyclopentyloxy group, cyclohexyloxy group, and the like can be given. 

[0070] Particularly preferable groups for the group X in the fonnula (i) are a methyl group, phenyl group, methoxy 
group, and the like, a In the fomriula (i) is preferably 1-5. 

[0071] As examples of the hydrocarbon group having 1-20 carbon atoms, halogenated hydrocarbon group having 
1-20 carbon atoms, halogen atom, or primary, secondary, or tertiary amino group represented by Y, the corresponding 
groups previously mentioned In connection with the group R"" In the structural unit (II) of the polysiloxane (1) can be 
given. 

[0072] Particularly preferable groups represented by R3 in the silicon-containing alicyclic compound (2) are a methyl 
group, ethyl group, t-butyl group, trimethylsilyl group, and the like. 

[0073] As the group R in the silicon-containing alicyclic compound (2), both the hydrogen atom and methyl group 
are preferable. A preferable integer for m and n is 0 or 1 . 

[0074] The compounds shown by the following fonnulas (2-1 ) to (2-92) (wherein Me indicates a methyl group) can 
be given as preferable examples of the silicon-containing alteycllc compound (2): 



H3COSI(CH3)2 




COOC(CH3)3 



COOC(CH3)3 



COOC(CH3)3 
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N(CH3)2 



CISi(CH3)2 H3CSICI2 H3C-Si-N(CH3)2 






COOC(CH3)3 COOC(CH3)3 COOC(CH3)3 

(2-7) (2-H) (2 9) 
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u3/~?'"CH3 HjC-Si-O-Si-CHa SICI3 
' ' CH3 ' 






COOC(CH3)3 COOC(CH3)3 COOC(CH3)3 
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H3COSi(CH3)2 H3CSi(OCH3)2 Si(OCH3)3 
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COOC(CH3)3 COOC(CH3)3 COOC(CH3)3 
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N(CH3)2 

CISi(CH3)2 HaCSiClz H3C-Si-N(CH3)2 






H3C T H3C T HjC"" 

COOC(CH3)3 COOC(CH3)3 COOC(CH3)3 

(>: 19) (2-20) (2'2l) 



jrpz:\ CH3 CH3 CH3 

Si-CH3 H3C-Si-0-ShCH3 SiClg 





3 




H3C ] H3C I H3C* 

COOC(CH3)3 COOC(CH3)3 COOC(CH3)3 

(2-22) (2-23) (2 -24) 



Si(CH3)3 Si(OCH3)3 Si(OC2H5)3 



H3C— ^^^-CHs HaC-^U)— CH3 HaC-^^)- 



^ CH3 

COOC(CH3)3 COOC(CH3)3 COOC(CH3)3 



(2-25) (2-26) (2-27) 



SICI3 Si(CH3)3 Si(OCH3)3 

HaC-^-j-^CHs HaC-^-l-^CHa 

COOC(CH3)3 COOC(CH3)3 COOC(CH3)3 



(2^28) - - (2-29) (2-30) 



16 



EP 1 142 928 A1 



Si(OC2H5)3 



SiCI, 



HX 




10 



COOC(CH3)3 

(2-31) 




CH, 



COOC(CH3)3 

(2-;i2) 



Si(CH3)3 




COOC(CH3)3 



Si(OCH3)3 




COOC(CH3)3 

(2-34) 



Si(OC2H5)3 




COOC(CH3)3 

(2-35) 




COOC(CH3)3 

(2-36) 



H3COSi(CH3)2 H3CSi(OCH3)2 Si(OCH3)3 



35 



40 



45 



SO 



SS 






COOC(CH3)3 COOC(CH3)3 COOC(CH3)3 
(2-37) (2-38) (2-39) 

H5C2O Si(CH3)2 H3CSi(OC2H5)2 Si(OC2H5)3 
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17 



EP 1 142 928 A1 



N(CH3)2 

CISi(CH3)2 HaCSiClj H3C-Si-N(CH3)2 




COOC(CH3)3 COOC(CH3)3 COOC(CH3)3 

(2-i:0 (ii-'if)) 




COOC(CH3)3 COOC(CH3)3 COOC(CH3)3 
(2-46) (2/17) (2-48) 

H3COSi(CH3)2 H3CSi(OCH3)2 Sj(OCH3)3 
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(2-49) (2-50) (2-51) 
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21 



EP1 142 928 A1 



Si(CH3)3 Si(OCH3)3 Si(OC2H5)3 SiClj 




COOC(CH3)3 COOC(CH3)3 COOC(CH3)3 COOCCCHa) 
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[0075] Of the above silicon-containing alicyclic compound (2), compounds shown by the fonnulas (2-2), (2-3), (2-5), 
(2-6), (2-8), (2-9). (2-10), (2-11), and (2-12) are particularfy preferable. 

[0076] The slllcon-containingallcycliccompound (2) oftheabove formula (2-A) is very useful as a raw material for 
producing the polysiloxane (3) having an acid-dissociable group, when the total number of the halogen atom for R1 
2s and the group -OR^ In the formula (2-A) Is two or three, or when m in the formula (2-A) is 0 or 1 . The other silicon- 
containing alicyclic compounds (2), i.e. those having the formula (2-A) wherein the total number of the halogen atom 
for Ri and the group -OR^ is one, or m Is 2, or those having the above the formula (2-B), or their hydrolysis products, 
may also be used In the polycondensation reaction to adjust the molecular weight or molecular structure of polysiloxane 



30 [0077] The silicon-containing alicyclic compound (2) is also useful as a raw material for producing common polysi- 
loxane resins and other silicon-containing alicyclic compounds having similar norbornane-type cyclic structure. 

Polysiloxane (3) 

35 [0078] Polysiloxane (3) has the above structural unit (1-1) or structural unit (11-1), or both. 

[0079] As examples of the monovalent hydrocarbon group having 1-20 carbon atoms, monovalent halogenated hy- 
drocarbon group having 1-20 carbon atoms, halogen atom, or secondary or tertiary amino group represented by Ri in 
the structural unit (M-l ), the corresponding groups previously mentioned in connection with the group R"* in the structural 
unit (11) of the polysiloxane (1) can be given. 

40 [0080] Amethyl group, ethyl group, cyclopentyl group, cyclohexyl group, norbornyl group, tetracyclodecanyl group, 
and the Wke can be given as preferable monovalent hydrocarbon groups having 1 -20 carbon atoms represented by R^ 
In the structural unit (11-1 ). Given as examples of preferable halogenated hydrocarbon groups having 1 -20 carbon atoms 
represented by R** are atrifluoromethyl group, pentafluoroethyl group, 3,3,3,2,2-pentafluoro-n-propyl group, pentafluor- 
ophenyl group, o-fluorophenyl group, m-fluorophenylgroup,p-fluorophenyl group, 2,3-difluorophenyl group, 2,4-difiuor- 

45 ophenyl group, 2, 5-difluoro phenyl group, 2,6-difluorophenyl group, 3,4-difluoro phenyl group, 3,5-difluorophenyl 
group, 2,3,4-trrfluorophenyl group, 2,3,5-trifluorophenyl group, 2,3,6-trifluorophenyl group, 2,4,6-trifluorophenyl group, 
3,4,5-trifluorophenyl group, pentafiuorophenyi group, a group of the formula (li) In which 5 Rf's are fluorine atoms and 
b is 1 , a group of the formula (ii) in which 5 Rf s are fluorine atoms and b is 2, and the Mice. A chlorine atom is a preferable 
halogen represented by R\ and an amino group, dimethylamino group, diethylamino group, dicyclopentylamino group, 

so dicyclohexylamino group, diphenylamino group, and the like are preferable amino groups represented by R** . 

[0081] Particularly preferable groups represented by R^ in the structural unit (11-1) are a methyl group, ethyl group, 
cyclopentyl group, cyclohexyl group, phenyl group, pentafiuorophenyi group, chlorine atom, dimethylamino group, and 
the like. 

[0082] ^ As the group R in the structural unit (1-1) and stnjctural unit (Ikl) of the polysiloxane (3), both the hydrogen 
55 atom and methyl group are preferable. One is a preferable integer for n'. The n' in the structural unit (1-1 ) and n* in the 
structural unit (lt-1) may be either the same or different. 

[0083] The structural unit shown by the following formula (1-1 -1 ) can be given as a specific example of the structural 
unit (1-1). 



(3). 
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[0084] The Structural units shown by the following fonnulas (li-1-1) to (11-1-4) can be given as specific examples of 
the structural unit (11-1). 
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[0085] In the polysiloxane (3), the t-butoxycarbonyl group in the structural units (1-1) and (11-1) Is an acid-dissociable 
group which dissociates in the presence of an acid and produces a carboxyl group. 

[0086] The structural unit (1-1 ) and the structural unit (1 1-1 ) may be used In the polysiloxane (3) either individually or 
in combination of two or more. 

[0087] The content of these structural units in the polysiloxane (3) may vary according to the types and combinations 
of the structural units, the application of the polysiloxane (3), and the like. A preferable specific content of each unit 
may be suitably determined by experiments . The amount of the structural unit (1-1) is usually 1-100 mol%, preferably 
2-100 mol%, and particularly preferably 5-100 mol% of the total amount of the structural units. The amount of the 
structural unit (il-1) is usually 0-100 mol%, preferably 1-100 mol%, and particularly preferably 2-100 mol% of the total 
amount of the structural units. The total of the structural units (1-1) and (11-1) is usually 1-100 mol%, preferably 2-100 
mol%, and particularly preferably 5-100 mol% of the total amount of the structural units. 

[0088] If the amount of the structural unit (1-1 ) is less than 1 moi%, resolution of the resulting radiation-sensitive resin 
composition tends to decrease. If the total amount of the structural unit (1-1) and structural unit (11-1) is less than 1 
mol%. the resulting radiation-sensitive resin composition may have poor solubility in an ali<aline developer. 
[0089] The amount of the structural units other than structural units (1-1) and (11-1) is usually 99 mol% or less, and 
preferably 95 mol% or less, of the total amount of structural units. 

[0090] The total amount of bi-f unctional structural units in the polycondensation reaction is usually 0-1 00 mol%, and 
preferably 1 -100 mor/o. The total amount of-tri-functional structural units in the polycondensation reaction is usually 
1-100 mol%, and preferably 2-100 mol%. The total amount of tetra-functional structural units in the polycondensation 
reaction is usually 98 mol% or less, and preferably 95 mol% or less. 

[0091] Usually, polysiloxane (3) has a ladder structure as part of the molecular stmcture. The ladder structure Is 
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principally introduced by a raw material liaving tri- or greater functional structure with respect to the polycondensation 
reaction. 

[0092] Mw of Polysiloxane (3) is usually 500-1,000,000, preferably 500-500.000, and particulariy preferably 
1 ,000-1 00,000. If the Mw is less than 500, the glass transition temperature of the resulting polymer tends to decrease. 
5 If the Mw exceeds 1 ,000.000, sotubiiity of the polymer in solvents tends to decrease. 

[0093] The glass transition temperature (Tg) of polysiloxane (3) is usually from -50 to 500**C, and preferably from 0 
to SOO^'C. If the glass transition temperature (Tg) of polysiloxane (3) less than -SO^'C, pattern fonnation using the re- 
sulting radiation-sensitive resin composition may be difficult. If more than SOO^C. solubility of the polymer in solvents 
tends to decrease. 

10 [0094] Polysiloxane (3) is usually insoluble or scarcely soluble In alkali, but becomes alkali-soluble when the acid- 
dissociable group dissociates in the presence of an acid. Thus, the polymer is particulariy useful as an acid-dissociable 
group-containing resin component in radiation-sensitive resin compositions for microprocessing using various types 
of radiation such as deep ultraviolet radiation, electron beams, and X-rays. 

[0095] Polysiloxane (3) is also useful as a material for fabricating formed articles and films, and as laminating ma- 
is terials, components for coating compositions, and the like. 

Silicon-containing alicyclic compound (4) 

[0096] In the silk:on-containing alicyclic compound (4), as examples of the monovalent hydrocariaon group having 
20 1 -20 carbon atoms, monovalent halogenated hydrocartDon group having 1 -20 carbon atoms, halogen atom, or second- 
ary or tertiary amino group represented by Ri, the corresponding groups previously mentioned in connection with the 
group R"" in the structural unit (II) of the polysiloxane (1) can be given. 

[0097] Amethyl group, ethyl group, cyclopentyl group, cyclohexyl group, norbornyl group, tetracyclodecanyl group, 
and the like can be given as preferable monovalent hydrocari^on groups having 1-20 carbon atoms represented by 

25 Ri. Given as examples of preferable halogenated hydrocarbon groups having 1 -20 carbon atoms represented by R'^ 
are a trifluoromethyl group, pentafluoroethylgroup,3,3,3,2,2-pentafiuoro-n-propyl group, pentafluorophenyl group, o- 
fluorophenyl group, m-fluorophenyl group, p-fluorophenyl group, 2,3-difluorophenyl group, 2,4-difluorophenyl group, 
2, 5-dlfluoro phenyl group, 2,6-dlfluorophenyl group, 3,4-difluoro phenyl group, 3,5-difluorophenyl group, 2,3,4-trifluor- 
ophenyl group, 2,3,5-trifluorophenyl group, 2,3,6-trifluorophenyl group, 2,4,6-trlfluorophenyl group, 3,4,5-trifluorophe- 

30 nyl group, a group of the formula (ii) in which 6 Rf's are fluorine atoms and b is 1 , a group of the fomnula (ii) in which 
5 Rfs are fluorine atoms and b is 2, and the like. A chlorine atom is a preferable halogen represented by RV and an 
amino group, dimethylamino group, diethylamtno group, dicyciopentylamino group, dicyclohexylamino group, diphe- 
nylamino group, and the like are preferable amino groups represented by RV 

[0098] Particularly preferable groups represented by R1 in the silicon containing alicyclic compound (4) are a methyl 
35 group, ethyl group, cyclohexyl group, phenyl group, pentafluorophenyl group, chlorine atom, dimethylamino group, and 
the like. 

[0099] As examples of the monovalent hydrocarbon group having 1 -20 carbon atoms and monovalent halogenated 
hydrocarison group having 1-20 carbon atoms represented by R^, the corresponding groups previously mentioned in 
connection with the group R^ in the structural unit (II) of the polysiloxane (1) can be given. 

40 [0100] Amethyl group, ethyl group, n-propyl group, i-propyl group, and the like can be given as preferable monovalent 
hydrocarbon groups having 1-20 carbon atoms represented by R^. Given as examples of preferable halogenated hy- 
drocarison groups having 1-20 carbon atoms represented by R^ are a trifluoromethyl group.pentafluoroethylgroup, 
3,3,3,2,2-pentafluoro-n-propyl group, pentafluorophenyl group, o-flucrophenyl group, m-fluorophenylgroup,p-fluoroph- 
enylgroup,2,3-difluorophenyl group, 2,4-djfluorophenyl group, 2, 5-difluoro phenyl group, 2,6-dlfluorophenyl group, 

45 3,4-difluoro phenyl group, 3,5-difluorophenyl group, 2,3,4-trifluorophenyl group, 2,3, 5-trlfluorophenyl group, 2,3,6-tri- 
fluorophenyl group, 2,4,6-trtfluorophenyl group, 3,4,5-trifluorophenyl group, a group of the formula (ii) in which 5 Rf's 
are fluorine atoms and b is 1 , a group of the fomnula (ii) in which 5 Rfs are fluorine atoms and b is 2, and the like. 
[0101] As the group represented by the fomnula (i) in R^, the conresponding groups given as examples relating to 
R3 of the silicon-containing alicyclic compound (2) can be given. 

50 [0102] Particularly preferable groups as the group X in the fonnula (i) are a methyl group, phenyl group, methoxy 
group, and the like. The integer represented by a in the fonnula (i) is preferably 1 to 5. 

[0103] Particularly preferable groups represented by R^ in the silteon containing alicyclic compound (4) are a methyl 
group, ethyl group, t-butyl group, trimethylsilyl group, and the like. 

[0104] As the group R in the silicon containing alicyclic compound (4), both the hydrogen atom and methyl group 
55- are preferable. As the group Rf, a hydrogen atom,.methyl group, and trifluoromethyl group are preferable. A preferable 
integer for m and n is 0 or 1 . 

[0105] As examples of the hydrocarbon group having 1-20 carbon atoms, halogenated hydrocarbon group having 
1 -20 carbon atoms, halogen atom, or primary, secondary, or tertiary amino group represented by Y, the corresponding 
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groups previously mentioned in connection witii the group in the structurai unit (ii) of the polysiloxane (1) can be 
given. 

[01 06] As preferable examples of silicon containing allcyclic compound (4) in which Z Is a hydrogen atom, compounds 
shown by the following formulas (4-1) to (4-100) can be given. In the following fonnulas, Ftf represents a hydrogen 
5 atom, methyl group, or trifluoromethyl group, and Me indicates a methyl group. 
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[0107] Of the above silicon containing alicyclic connpound (4), compounds shown by the formulas (4-2), (4-3), (4-5), 
(4>6), (4-8), (4-9), (4-10), (4-11), and (4-12) are particularly preferable (provided that Rf in these formulas represents 
a trifluoromethyl group). 

[0108] The following compounds can be given as preferable examples of the silicon containing alicyclic compound 
(4), wherein Z is a monovalent organic group dissociating hydrogen atoms by the action of an acid. 
[0109] Compounds derived from the compound shown by the above formulas (4-1) to (4-100) (provided that Rf in 
these formulas is a hydrogen atom) by replacing the hydrogen atom in the hydroxyl group with a t-butyl group, t- 
butoxycarbonyl group, tetrahydropyranyl group, tetrahydrofuranyl group, methoxymethyl group, ethoxymethyl group, 
1 -methoxyethyl group, or 1 -ethoxyethyl group. 

[0110] Compounds derived from the compound shown by the above fomiulas (4-1) to (4-100) (provided that Rf in 
these formulas is a methyl group) by replacing the hydrogen atom in the hydroxyl group with a t-butyl group, t-butox- 
ycarbonyl group, tetrahydropyranyl group, tetrahydrofuranyl group, methoxymethyl group, ethoxymethyl group, 1 -meth- 
oxyethyl group, or 1 -ethoxyethyl group. 

[0111] Compounds derived from the compound shown by the above fomiulas (4-1) to (4-100) (provided that Rf in 
these formulas is a trifluoromethyl group) by replacing the hydrogen atom in the hydroxyl group with a t-butyl group, 
t-butoxycarbonyl group, tetrahydropyranyl group, tetrahydrofuranyl group, methoxymethyl group, ethoxymethyl group, 
1 -methoxyethyl group, or 1 -ethoxyethyl group. 

[0112] Of the above silicon containing alicyclic compound (4), wherein Z is a monovalent organic group dissociating 
hydrogen atoms by the action of an acid, particularly preferable compounds are the compounds derived from the 
compound shown by the above fomiulas (4-2), (4-3). (4-5), (4-6), (4-8), (4-9), (4-10), (4-11), or (4-12) (provided that 
Rf in these formulas represents a trifluoromethyl group)) by replacing the hydrogen atom in the hydroxyl group with a 
t-butyl group, t-butoxycarbonyl group, tetrahydropyranyl group, tetrahydrofuranyl group, methoxymethyl group, 
ethoxymethyl group, 1 -methoxyethyl group, or 1 -ethoxyethyl group. 

[0113] The silicon containing alicyclic compound (4) having a hydrogen atom for the group Z is particularly useful as 
a raw material for synthesizing the silicon containing alicyclic compound (4), wherein Z is a monovalent organic group 
dissociating hydrogen atoms by the action of an acid. 

[0114] The silicon containing alicyclic compound (4), in which Z is a hydrogen atom and the total number of the 
halogen atom for R"' and the group -OR^ is two or three, or the silicon containing alicyclic compound (4), in which m 
is 0 or 1 , is very useful as a raw material for producing the aikali-soluble polysiloxane (5). The silicon containing alicyclic 
compounds (4), in which Z is a hydrogen atom and the total number of the halogen atom for R^ and the group -OR^ 
is one, or the silicon containing alicyclic compounds (4). In which Z is a hydrogen atom and m is 2. or the products 
obtained by previous hydrolysis of these compounds may also be used in the polycondensation reaction to adjust the 
molecular weight or molecular structure of polysiloxane (5). 

[0115] In addition, the silicon-containing alicyclic compound (4) In which Z Is a hydrogen atom is also useful as a 
raw material for producing common polysiloxane resins and othersilicon-containing alicyclic compounds havin simjiar 
norbornane-type cyclic structure. 

[011 6] The silicon-containing alicyclic compound (4) in which Z is a monovalent organic group dissociating hydrogen 
atoms by the action of an acid and m is 0 or 1 is very useful as a raw material for producing the polysiloxane (5) resins 



36 



EP1 142 928 A1 

having an acid-dissociable group. The silicon-containing aiicyclic compound (4) in which Z is a nnonovalent organic 
group dissociating hydrogen atoms by the action of an acid andm is 2, or its hydrolysis products may also be used in 
the polycondensation reaction to adjust the molecular weight or molecular structure of poiysiloxane (5). 
[0117] In addition, the silicon-containing aiicyclic compound (4) In which Z is a monovalent organic group dissociating 
5 hydrogen atoms by the action of an acid is also useful as a raw material for producing common poiysiloxane resins 
and other silicon-containing aiicyclic compounds having similar norbomane-type cyclic structure. 

Poiysiloxane (5) 

10 [0118] Poiysiloxane (5) has the above structural unit (1-2) and/or structural unit (11-2) shown in the above formula (5). 
[0119] As examples of the monovalent organic group dissociating hydrogen atoms by the action of an acid repre- 
sented by Z in the structural unit (1-2) or structural unit (11-2), a tertiary all<yl group, a group forming an acetal group 
together with the oxygen atom with which the group Z binds (hereinafter referred to as an "acetal-fomiing group"), a 
substituted methyl group, 1 -substituted ethyl group, 1 -branched allcyl group (excluding tertiary alley! groups), silyl group, 

15 gennyl group, alkoxycarbonyl group, acyl group, cyclic acid-dissociating group, and the like can be given. 

[0120] As examples of the tertiary aikyi group, acetal-forming group, substituted methyl group, 1 -substituted ethyl 
group, 1 -branched alkyi group, silyl group, gennyl group, alkoxycarbonyl group, acyl group, and cyclic acid-dissociating 
group, the corresponding groups previously given as examples of Z' in the acid-dissociable group (7O of poiysiloxane 
(1) can be given. 

20 [0121] As the group Z In the structural unit (1-2) or structural unit (11-2), a hydrogen atom, t-butyl group, t-butoxycar- 
bonyl group, tetrahydropyranyl group, tetrahydrofuranyl group, methoxymethyl group, ethoxymethyl group, 1-methox- 
yethyl group, 1-ethoxyethyl group, and the like are preferable. 

[0122] The Z in the structural unit (1-2) and Z in the structural unit (11-2) may be either the same or different. 
[0123] As examples of the monovalent hydrocarbon group having 1 -20 carbon atoms, monovalent halogenated hy- 
25 drocarbon group having 1 -20 carbon atoms, halogen atom, or secondary or tertiary amino group represented by in 
the structural unit (11-2), the corresponding groups previously mentioned in connection with the group Ri in the structural 
unit (II) of the poiysiloxane (1) can be given. 

[0124] Amethyl group, ethyl group, cyclopentyl group, cyclohexyl group, norbomyl group, tetracyclodecanyl group, 
and the like can be given as preferable monovalent hydrocarbon groups having 1-20 carbon atoms represented by 

30 Ri. Given as examples of preferable monovalent halogenated hydrocarbon groups having 1-20 carbon atoms repre- 
sented by R"" are a trifluoromethyl group, pentafluoroethyl group, 3,3,3,2,2-pentafluoro-n-propyl group, pentafluoroph- 
enyl group, o-fluorophenyl group, m-fluorophenyl group, p-ftuorophenyl group, 2,3-difluorophenyl group, 2,4-difluor- 
ophenyl group, 2, 5-difluoro phenyl group, 2,6-difluorophenyl group, 3,4-difluoro phenyl group, 3,5-dlfluorophenyl 
group, 2,3,4-trifluorophenyl group, 2,3, 5-trifluorophenyl group, 2,3,6-trifluorophenyl group, 2,4,6-trifluorophenyl group, 

35 3,4,5-trlfluorophenyl group, pentafluorophenyl group, a group of the fonnula (II) in which 5 Rf's are fluorine atoms and 
b is 1 , a group of the formula (ii) in which 5 Rfs are fluorine atoms and b is 2, and the like. A chlorine atom is a preferable 
halogen represented by Ri, and an amino group, dimethylamino group, diethylamino group, dicyclopentylamino group, 
dicyclohexylamino group, diphenylamino group, and the like are preferable amino groups represented by Ri. 
[0125] Particularly preferable groups represented by R*! in the structural unit (11-2) are a methyl group, ethyl group, 

40 cyclopentyl group, cyclohexyl group, pentafluoroethyl group, chlorine atom, dimethylamino group, and the like. 

[0126] As the group R in the structural unit (1-2) and structural unit (11-2) of the poiysiloxane (5), both the hydrogen 
atom and methyl group are preferable. As the group Rf, any one of the hydrogen atom, methyl group, and trifluoromethyl 
group is preferable. 0 or 1 Is preferable as the integer n. The Rf in the structural unit (1-2) and Rf In the structural unit 
(11-2) may be either the same or different. Also, n in the structural unit (1-2) and n in the structural unit (11-2) may be 

45 either the same or different, 

[0127] The structural units shown by the following formulas (1-2-1) to (t-2-24) can be given as specific examples of 
the structural unit (1-2). 
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[0128] Of the above examples of structural unit (1-2), the structural units shown by the formulas (1-2-2), (1-2-3), (I- 
2-5), (1-2-6), (1-2-8), (1-2-9), (1-2-14). (1-2-15). (1-2-17). (1-2-18), (1-2-20), and (1-2-21) are particularly preferable. 
[0129] The structural units shown by the following formulas (11-2-1 ) to (11-2-96) can be given as specific examples of 
the structural unit (li-2). 
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[0130] Of the above examples of structural unit (II), the structural units shown by the formulas (11-2-14), (11-2-15), (II- 
2-17), (11-2-18), (11-2-20), (11-2-21), (11-2-26), (11-2-27), (11-2-29), (11-2-30), (lt-2-32), (11-2-33), (11-2-62), (11-2-63), (11-2-65), 
(11-2-66), (11-2-68), (11-2-69), (11-2-74). (11-2-75). (11-2-77), (11-2-78). (11-2-80). and (11-2-81) are particularly preferable. 
20 [0131] The structural unit (1-2) and the structural unit (11-2) may be used in the polysiloxane (5) either individually or 

in combination of two or more. 

[0132] Usually, polysiloxane (5) has a ladder structure as part of the molecular structure. The ladder structure is 
principally introduced by a raw material having tri- or greater functional structure with respect to the polycondensatlon 
reaction. 

25 [01 33] The content of these structural units in the polysiloxane (5) may vary according to the types and combinations 
of the structural units, the application of the polysiloxane (5), and the like. A preferable specific content of each unit 
may be suitably determined by experiments . The amount of the structural unit (1-2) is usually 1-100 mol%. preferably 
2-100 mol%, and particularly preferably 5-100 mo1% of the total amount of the structural units. The amount of the 
structural unit (11-2) is usually 0-100 mol%, preferably 1-100 mol%, and particularly preferably 2-1 00 mol% of the total 

30 amount of the structural units . The total of the structural units (1-2) and (11-2) is usually 1 -100 mol%, preferably 2-100 
mol%, and particularly preferably 5-100 mol% of the total amount of the structural units. 

[0134] If the amount of the structural unit (1-2) is less than 1 mol%, resolution of the resulting radiation-sensitive resin 
composition tends to decrease. If the total amount of the structural unit (1-2) and structural unit (11-2) is less than 1 
mol%, the resulting radiation-sensitive resin composition may have poor solubility in an alkaline developer. 
35 [0135] The amount of the structural units other than structural units (1-1) and (11-1) is usually 99 mol% or less, and 
preferably 95 mol% or less, of the total amount of structural units. 

[0136] The total amount of bi-functional structural units in the polycondensation reaction is usually 0-1 00 mol%, and 
preferably 1-100 mol%. The total amount of tri-functional structural units in the polycondensation reaction is usually 
1 -100 mol%, and preferably 2-100 mol%. The total amount of tetra-fu notional structural units in the polycondensation 
40 reaction is usually 98 mol% or less, and preferably 95 mol% or less. 

[0137] Mw of Polysiloxane (5) is usually 500-1,000,000, preferably 500-500,000, and particularly preferably 
800-100,000. If the Mw is less than 500, the glass transition temperature of the resulting polymer tends to decrease. 
If the Mw exceeds 1 , 000, 000, solubility of the polymer in solvents tends to decrease. 

[0138] The glass transition temperature (Tg) of polysiloxane (5) is usually from -50 to 500^C, and preferably from 0 
45 to 300*C. If the glass transition temperature (Tg) of polysiloxane (5) less than -50**C, pattern formation using the re- 
sulting radiation-sensitive resin composition may be difficult. If more than 500*C, solubility of the polymer In solvents 
tends to decrease. 

[0139] The polysiloxane (5) having a hydrogen atom for Z is usually soluble in alkali and very useful as an alkali- 
soluble component in radiation-sensitive resin compositions for microprocessing using various types of radiation such 

50 as deep ultraviolet radiation, electron beams, and X-rays. 

[0140] The polysiloxane (5) having a hydrogen atom forthe group Z is also useful as a raw matenal for synthesizing 
the polysiloxane (5), wherein Z is a monovalent organic group dissociating hydrogen atoms by the action of an acid. 
[0141] Polysiloxane (5), in which Z is a monovalent organic group dissociating hydrogen atoms by the action of an 
acid, is usually insoluble or scarcely soluble in alkali, but becomes alkali-soluble when the acid-dissociable group 

55 dissociates. Thus, the polymer is particularly usefuj as an acid-dissoc iabl e group-cpntainlng resin cjOTPPnent m^^^ 

ation-sensitive resin compositions for microprocessing using various types of radiation such as deep ultraviolet radia- 
tion, electron beams, and X-rays. 

[0142] The polysiloxane (5) is also useful as a material for fabricating fomried articles and films, and as laminating 
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materials, components for coating compositions, and the like. 

[0143] Synthesis of silicon-containing alicyclic compound (2) and silicon-containing alicyclic compound (4) 
[0144] The silicon-containing alicyclic compound (2) and silicon-containing alicyclic compound (4) can be synthe- 
sized by the following method, for example. 
5 [0145] 0A method of reacting a corresponding norbornene derivative and corresponding hydrosilane compound in 
accordance with a conventional hydrosilyl-formation reaction using a hydrosilyl-formation catalyst in the presence or 
absence of a suitable solvent. 

[01 46] This reaction is shown by the following reaction formula in the case of the silicon-containing alicyclic compound 
(2) having the above-described fomriula (2-A). 

10 



15 



20 



25 




30 wherein R, R^, m, and n have the same meanings as defined for the corresponding symbols in the formula (2-A). 
As examples of the hydros! lyl-fomning catalyst, a transition metal catalyst, radical reaction initiator, and the like can be 
given. 

Examples of a transition metal catalyst used as the hydrosilyl-forming catalyst include the following compounds: plat- 
inum catalysts such as HaPtClg. KgPtCle. NagPtClfi, (NH4)2RCl6, K2PtCl4, Na2PtCl4, (NH4)2PtCl4, PtClg, HaPtBrg, 
35 KaRBrg, NagPtBre, PtBr^, K2PtBr4, PtBrg, KgPtle, NagPtle, PtU, Rig, RCIaCCeHgCN), PtCl2(CH3CN)2, PtcyPCCeHgjJa, 
cis-PtCl2(styrene)2> cis-PtCl2(p-chlorostyrene)2t KPtCl3(styrene)2, (n-Bu)4NRCl3(styrene)2 (provided that n-Bu indi- 
cates n-butyl group, hereinafter the same), the compound shown by the following fomnula (iii), 



40 



45 



50 




(iii) 



CH3 CH3 



trans-PtCl2(NH3)2, cis-PtCl2[P(C2H5)3]2, cis-RCl2[P(n-Bu)3]2, [(n-Bu)4N]2PtCl6, [P(C6H5)4]2PtCl4, (n-Bu)4NPtl3(CO), 
55 [(n-Bu)4N]2-cis-PtCl2(ShC!3)2. [(CH3)4N]3R(Snei3)5, [bis (triphenylphosphine) imminum],. Pt (SnCJ3)3[As(C2H5)3]2. 
(C2H5)4NPt(SnCl3)3 (1 ,5-cyclooctadiene), platinum-activated carbon, platinum black, etc.; palladium catalysts such as 
PdCl2[P(CgH5)3]2, PdCl2(1 ,5-cyclooctadiene), palladium-activated carbon, palladium black, etc.; rhodium catalysts 
such as HRh[P(CeH5)3]4, rhodium-activated carbon, etc.; iridium catalysts such as lrCl3, etc.; ruthenium catalysts such 
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as RUCI3, etc.; cobalt catalysts such as 002(00)3. etc.; nickel catalysts such as NICI2, NiBr2. NI(CN)2, etc.; and copper 
catalysts such as CUOI2, CuBr2. CuOl, OuBr, OuCN. etc. 

[0147] Of these transition metal catalysts, platinum catalysts such as H2PtOle, K2PtOl6, NagPtOlg, K2PtOl4, Na2PtOl4. 
PtCl2, HgPtBre, K2PtBrg, Na2PtBre, KgPtBr^, and platinum-activated carbon are preferable. 
[0148] These transition metal catalysts may be used either individually or in combination of two or more. 
[0149] The transition metal catalysts may be added as a solution in an organic solvent such as i-propyl alcohol. 
[0150] These transition metal catalysts are usually used in the amount of 0.00001-1 ,000 parts by weight for 100 
parts by weight of the hydrosiiane compound. 

[0151] As examples of the above-mentioned radical reaction initiator, benzoylperoxide, lauroylperoxide, diisopro- 
pylperoxydlcarbonate, t-buty I hydroperoxide, cumenehydroperoxide, di-t-butylperoxide, dicumylperoxide, azobisisobu- 
tyronitrile, azobis(2,4-dlmethylvaleronitrile), azobis(4-methoxy-2,4-dimethylvaleronItrile), and the tike can be given. 
[01 52] These radical reaction initiators may be used either individually or in combinations of two or more. 
[0153] The radical reaction initiators are usually used in the amount of 0.01-1 ,000 parts by weight for 100 parts by 
weight of the hydrosiiane compound. 

[0154] The following solvents can be given as the solvent used in the hydrosilyl-fonning reaction: aromatic hydro- 
carbons such as benzene, toluene, and xylene; aliphatic hydrocarbons such as n-hexane, n-heptane, and n-octane; 
ethers such as benzyl ethyl ether, di-n-hexyl ether, and tetrahydrofuran; halogenated hydrocarbons such as dichlo- 
romethane, chloroform, and 1 ,2-dichloroethane; linear or branched ketones such as 2-butanone, 2-pentanone, 3-me- 
thyl-2-butanone, 2-hexanone, 4-methyl-2-pentanone, 3-methyl-2-pentanone, 3,3-dimethyl-2-butanone, 2-heptanone, 
and 2-octanone; cyclic ketones such as cyclopentanone. 3-methylcyclopentanone, cyclohexanone, 2-methylcyclohex- 
anone, 2,6-dimethylcyciohexanone, and isophorone; propylene glycol monoalkyi ether acetates such as propylene 
glycol monomethyl ether acetate, propylene glycol monoethyl ether acetate, propylene glycol mono-n-propyl ether 
acetate, propylene glycol mono-i-propyl ether acetate, propylene glycol mono-n-butyl ether acetate, propylene glycol 
mono-i-butyl ether acetate, propylene glycol mono-sec-butyl ether acetate, and propylene glycol mono-t-butyl ether 
acetate; alkyi 2-hydroxypropionates such as methyl 2-hydroxypropionate, ethyl 2-hydroxypropionate, n-propyl 2-hy- 
droxypropionate, i-propyt 2-hydroxypropionate, n-butyl 2-hydroxypropionate, i-butyl 2-hydroxypropionate, sec-butyl 
2-hydroxypropionate, and t-butyl 2-hydroxypropionate; aikyi 3-alkoxypropio nates such as methyl 3-methoxypropion- 
ate, ethyl 3-methoxypropionate, methyl 3-ethoxypropionate, and ethyl 3-ethoxypropionate; alcohols suchas n-propy- 
lalcohol, i-propylalcohol. n-butyl alcohol, t-butylalcohol, 1-octanol, 1-nonanol, benzyl alcohol, cyclohexanol, ethylene 
glycol monomethyl ether, ethylene glycol monoethyl ether, ethylene glycol mono-n-propyl ether, ethylene glycol mono- 
n-butyl ether, propylene glycol monomethyl ether, propylene glycol monoethyl ether, and propylene glycol mono-n- 
propyl ether, dialkylene glycol dialkyi ethers such as diethylene glycol dimethyl ether, diethylene glycol diethyl ether, 
diethytene glycol di-n-propyl ether, diethylene glycol di-n-butyl ether; ethylene glycol monoalkyi ether acetates such 
as ethylene glycol monomethyl ether acetate, ethylene glycol monoethyl ether acetate, and ethylene glycol mono-n- 
propyl ether acetate; other esters such as ethyl 2-hydroxy-2-methylpropionate, ethyl ethoxyacetate, ethyl hydroxyac- 
etate, methyl 2-hydroxy-3-methylbutyrate, 3-methoxybutylacetate, 3-methyl-3-methoxybutylacetate, 3 -methyl -3-meth- 
oxybutylpropionate, 3-methyl-3-methoxybutyrate, ethyl acetate, n-propyl acetate, n-butyl acetate, methyl acetoacetate, 
ethyl acetoacetate, methyl pyruvate, ethyl pyruvate; N-methylpyrrolidone, N,N-dimethylformamide, N,N -dimethyl aceta- 
mide, diethylene glycol monomethyl ether, diethylene glycol monoethyl ether, caproicacid, caprylic acid, benzyl acetate, 
ethyl benzoate, diethyl oxalate, diethyl maleate, y-butyroiactone, ethylene carbonate, propylene carbonate; and the like. 
[0155] These solvents may be used either individually or in combination of two or more. 

[0156] These solvents are usually used in the amount of 2.000 parts by weight or less for 1 00 parts by weight of the 
hydrosiiane compound. 

[0157] The hydrosilyl-forming reaction Is preferably canied out in the absence of a solvent or in the presence of a 

solvent such as toluene, xylene, n-hexane, tetrahydrofuran, dichloro methane, or the like. 

[0158] The hydrosilyl-forming reaction is also preferably carried out in a nitrogen or argon stream and under anhy- 
drous conditions. 

[0159] The hydrosilyl-forming reaction is carried out at a temperature of usually -50 to 300^0, and preferably 0 to 
200**C for usually five minutes to 1 ,000 hours. 

[0160] Although a common hydrosilyl-forming reaction is thought to be preferably carried out usually under normal 
pressure or under pressure, the hydrosilyl-fonning reaction for synthesizing the silicon -containing alicyclk: compound 
(2) or silicon-containing alicyclic compound (4) can be carried out at a pressure less than the normal pressure, without 
requiring a special reaction vessel. This is an advantage of this reaction. 

[0161] In this hydrosilyl-fonning reaction, the compounds in which the silicon atom, shown in fomnulas (2-A), (2-B), 
(4-A), or (4-B)rbinds at the 2 or 3 position of the uppermost bicyclo[2. 2.1 ]heptane ring are produced at the same time. 
The mixture can be used as is as a raw material for producing the polyslloxane (3) and polysiloxane (5), for exarhple.^ 
As required, the two compounds may be separated by a suitable means such as distillation, recrystallization, liquid 
chromatography, gas chromatography, and the like. 
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atoms represented by are a methyl group, ethyl group, n-propyl group, i-propyl group, and the like; and as examples 
of preferable halogenated hydrocarbon groups having 1 -20 carbon atoms represented by are a triftuoromethyl 
group, pentafluoroethyl group, 3,3,3,2,2-pentafluoro-n-propyl group, pentafiuorophenyl group, o-fluorophenyl group, 
m-fluorophenyl group, p-fluorophenyl group, 2,3-dmuorophenyl group, 2,4-difluorophenyl group, 2, 5-difluorophenyl 
5 group, 2,6-difluorophenyl group, 3,4-dlfluorophenyl group, 3,5-dlfluorophenyl group, 2,3,4-trifluorophenyl group, 
2,3,5-trif luorophenyl group, 2,3,6-trifluorophenyl group, 2,4,6-trif luorophenyl group, 3,4,5-trrfluorophenyl group, a group 
of the formula (ii) in which 5 Rf's are fluorine atoms and b is 1 , a group of the formula (il) in which 5 Rf's are fluorine 
atoms and b is 2, and the like. 

[0177] As examples of the linear, branched, or cyclic alkoxyl groups having 1 -20 carbon atoms represented by X in 
10 the fomnula (i), which represents the group R3, a methoxy group, ethoxy group, n-propoxy group, i-propoxy group, n- 
butoxy group, i-butoxy group, sec-butoxy group, t-butoxy group, cyclopentyloxy group, cyclohexyloxy group, and the 
like can be given. Particularly preferable groups are a methyl group, phenyl group, methoxy group, and the like, a is 
preferably an integer of 1 -5. 

[0178] Particularly preferable groups represented by R^ in the formulas (6), (7), and (8) are a methyl group, ethyl 
IS group, t-butyl group, trimethylsllyl group, and the like. 

[0179] In preparing the polysiloxane (1 ), the siiane compounds (6), (7), and (8) may be used either individually or in 
combination of two or more. 

[0180] As examples of the inorganic acids among the above-mentioned acidic catalysts, hydrochloric acid, sulfuric 

acid, nitric acid, boric acid, phosphoric acid, titanium tetrachloride, zinc chloride, and aluminum chloride can be given. 
20 As examples of organic acids, fomnic acid, acetic acid, n-propiontc acid, butyric acid, valeric acid, oxalic acid, malonic 

acid, succinic acid, maleic acid, fumaric acid, adipic acid, phthalic acid, terephthalic acid, acetic anhydride, maleic 

anhydride, citric acid, benzenesulfonic acid, p-toluenesulfonic acid, and methanesulfonic acid can be given. 

[0181] Of these acidic catalysts, hydrochlork; acid, sulfuric acid, acetic acid, oxalic acid, malonic acid, maleic acid, 

fumaric acid, acetic anhydride, and maleic anhydride are particularly preferable. 
25 [0182] These acidic catalysts may be used either individually or in combination of two or more. 

[0183] The acidic catalysts are usually used in the amount of 0.01-10,000 parts by weight, preferably 0.1 --1 0, for 

1 00 parts by weight of the siiane compound. 

[0184] As examples of inorganic bases among the above basic catalysts, lithium hydroxide, sodium hydroxide, po- 
tassium hydroxide, calcium hydroxide, barium hydroxide, sodium hydrogencartsonate, potassium hydrogencarbonate, 

30 sodium carbonate, and potassium carbonate can be given. 

[0185] The following compounds can be given as examples of organic bases: linear, branched, or cyclic 
monoalkylamines such as n-hexylamine, n-heptylamine, n-octylamine, n-nonyamine, n-decyiamine, and cyclohexy- 
lamine; linear, branched, or cyclic dialkylamtnes such as di-n-butylamine, di-n-pentylamine, di-n-hexylamine, dt-n-hep- 
tylamine, di-n-octylamine, di-n-nonylamine, di-n-decylamine, cyctohexylmethylamine, and dicyclohexylamine; linear, 

35 branched, or cyclic trialkylamlnes such as triethylamine, tri-n-propylamine, tri-n-butylamine, tri-n-pentylamine, tri-n- 
hexylamine, tri-n-heptylamine, tri-N-octylamine, tri-n-nonylamine, tri-n-decylamine, cyclohexyldimethylamine, dicy- 
clohexylmethylamine, and tricyclohexylamine; aromatic amines such as aniline, N-methylaniline, N,N-dimethylaniline, 
2-methylaniline, 3-methylaniline, 4-methylaniline, 4-nitroaniline, diphenylamine, triphenylamine, and naphthylamlne; 
aromatic diamines such as N,N,N',N'-tetramethylethylenediamine, tetramethylenedi amine, hexamethylenediamlne, 

40 4,4'-diaminodipheny(methane, 4,4'-diaminodiphenyl ether, 4,4'-diaminobenzophenone, 4,4'-dtaminodiphenylamlne, 

2.2- bis(4-aminophenyl)propane, 2-(3-aminophenyl)-2-(4-aminophenyl)propane, 2-(4-aminophenyl)-2-(3-hydroxyphe- 
nyl)propane, 2-(4-aminophenyl)-2-(4-hydroxyphenyl)propane, 1 ,4-bis[1-(4-aminophenyl)-1-methylethyl]benzene, and 

1 .3- bis[1 -(4-aminophenyl)-1 -methylethyl]benzene; imidazoles such as imidazole, benzimidazole, 4-methy I imidazole, 
and 4-methyl-2-phenylimldazole; pyridines such as pyridine, 2-methylpyridine, 4-methylpyridine, 2-ethylpyridlne, 

45 4-ethylpyridine, 2-phenylpyridine, 4-phenylpyridine, 2-methyl-4-phenylpyridine, nicotine, nicotinic acid, nicotinamide, 
quinoline, 8-oxyquinollne, and acridine; piperazines such as piperazine and 1-(2-hydroxyethyl)piperazine; as well as 
other nitrogen-containing heterocyclic compounds such as pyrazine, pyrazole. pyridazine, quinoxaline, purine, pyrro- 
lidine, piperidine, morpholine, 4-methy[morpholine, 1 ,4-dimethylpiperazine, and 1 ,4-diazablcyclo[2.2.2]octane. 
[0186] Of these basic catalysts, triethylamine, tri-n-propylamine. tri-n-butylamine, pyridine, and the like are prefera- 

50 ble. 

[0187] These basic catalysts may be used either individually or in combination of two or more. The basic catalysts 
are usually used In the amount of 0.01 -1 0,000 parts by weight, preferably 0.1^1 0, for 1 00 parts by weight of the siiane 
compound. 

[0188] The use of an acidic catalyst in the preparation of polysiloxane (1) ensures a uniform and rapid polyconden- 
55 sation reaction accompanying hydrolysis, reducing the amount of hydrolysable groups in the raw material left unreacted 
in the resulting polymer, thereby minimizing absorption of radiation by the hydrolysable groups. Therefore, polyconden- 
sation under acidic conditions is more advantageous than polycondensation under bask: conditions also with regard 
to the radiation transmittance in the wavelength range less than 193 nm. 
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[0189] Another advantage of canying out the polycondensation under acidic conditions is that the resulting potysi- 
toxane (1) has a narrow molecular weight distribution. The radiation-sensitive resin composition prepared from such 
a polysiloxane (1 ) is less susceptible to a negative-tone reaction when exposed to radiation having a wavelength less 
than the deep ultraviolet region, whereby the resin composition exhibits improved adhesion properties to resist pattern 
substrates. Furthermore, resist patterns with a fine and excellent configuration can be obtained also in the case where 
the resist is developed using a common developer due to homogeneous dissolution of resist films. This is a feature 
manifestly observed when the resist is exposed to radiation with a wavelength of 193 nm or less. 
[0130] Moreover, the potycondensation of a raw material silane compound under acidic conditions, followed by the 
addition of a basic catalyst to continue the reaction under basic conditions increases the degree of polymerization of 
the resulting polysiloxane (1). Such a polysiloxane has a higher Tg and exhibits more excellent characteristics as a 
result of increased crosslinklng. However, when the polysiloxane (1) is used as a material for the radiation -sensitive 
resin composition, which is discussed later in this specification, it should be noted that the problem as to which type 
of polysiloxane (1), i.e. the polysiloxane (1) obtained only by the polycondensation under acidic conditions and the 
polysiloxane (1) obtained by the polycondensation under acidic conditions followed by basic conditions is preferred 
depends on the type of the radiation-sensitive resin composition. 

[0191] The polycondensation reaction under acidic conditions or basic conditions is preferably carried out in an inert 
gas atmosphere such as nitrogen or argon, whereby an advantage of a resist less susceptible to a negative-tone 
reaction can be ensured when fomntng a resist pattem using the radiation-sensitive resin composition. 
[0192] The following solvents can be given as the solvent used in the polycondensation reaction: linear or branched 
ketones such as2-butanone,2-pentanone, 3-methyl-2-butanone, 2-hexanone, 4-methyl-2-pentanone,3-methyl-2-pen- 
tanone, 3,3-dimethyl-2-butanone, 2-heptanone, and 2-octanone; cyclic ketones such as cyclopentanone, 3-methylcy- 
clopentanone, cyclohexanone, 2-methylcyclohexanone, 2,6-dlmethylcyclohexanone, and Isophorone; propylene glycol 
monoalkyi ether acetates such as propylene glycol monomethyl ether acetate, propylene glycol monoethyt ether ace- 
tate, propylene glycol mono-n-propyl ether acetate, propylene glycol mono-i-propyl ether acetate, propylene glycol 
mono-n-butyl ether acetate, propylene glycol mono-l-butyl ether acetate, propylene glycol mono-sec-butyl ether ace- 
tate, and propylene glycol mono-t-butyl ether acetate; alkyi 2-hydroxypropionatessuch as methyl 2-hydroxypropionate, 
ethyl 2-hydroxypropionate, n-propyl-2-hydroxypropionate, i-propyl 2-hydroxypropionate, n-butyl 2-hydroxypropionate, 
i-butyl 2-hydroxypropionate, sec-butyl 2-hydroxyproplonate, and t-butyl 2-hydroxypropionate; alkyI 3-alkoxypropion- 
ates such as methyl 3-methoxy propionate, ethyl 3-methoxypropionate, methyl 3-ethoxyproplonate, and ethyl 3-ethox- 
ypropionate; alcohols suchas n-propylalcohol, i-propylalcohol, n-butylalcohol, t-butylalcohol, cyclohexanoi, ethylene 
glycol monomethyl ether, ethylene glycol monoethyl ether, ethylene glycol mono-n-propyl ether, ethylene glycol mono- 
n-butyl ether, propylene glycol monomethyl ether, propylene glycol monoethyl ether, and propylene glycol mono-n- 
propyl ether; dialkylene glycol dialkyi ethers such as diethytene glycol dimethyl ether, diethylene glycol diethyl ether, 
diethylene glycol di-n-propyl ether, diethylene glycol di-n-butyl ether; ethylene glycol monoalkyi ether acetates such 
as ethylene glycol monomethyl ether acetate, ethylene glycol monoethyl ether acetate, and ethylene glycol mono-n- 
propyl ether acetate; aromatic hydrocarbons such as toluene and xylene; other esters such as ethyl 2-hydroxy-2-meth- 
ylpropionate, ethyl ethoxyacetate, ethyl hydroxy acetate, methyl 2-hydroxy-3-methylbutyrate, butyl 3-methoxyacetate, 
butyl 3-methyl-3-methoxyacetate, butyl 3-methyl-3-methoxypropionate, butyl 3-methyl-3-methoxybutyrate, ethyl ace- 
tate, n-propyl acetate, n-butyl acetate, methyl acetoacetate, ethyl acetoacetate, methyl pyruvate, ethyl pyruvate; N- 
methylpyrrolidone, N,N-dimethylformamide, N,N-dimethylacetamide, benzyl ethyl ether, di-n-hexyl ether, diethylene 
glycol monomethyl ether, diethylene glycol monoethyl ether, caprolc acid, caprylic acid, 1-octanol, 1-nonanol, benzy- 
latcohol, benzyl acetate, ethyl benzoate, diethyl oxalate, diethyl maleate, T^utyrolactone, ethylene carbonate, propyl- 
ene carbonate; and the like. 

[0193] These solvents may be used either individually or in combination of two or more. 

[0194] These solvents are usually used in the amount of 2,000 parts by weight or less for 1 00 parts by weight of all 
of the silane compounds. 

[0195] In addition, water may be added to the reaction mixture of the polycondensation reaction. The amount of 
water to be added is usually 10,000 parts by weight or less for 100 parts by weight of all of the silane compounds. 
[0196] Furthermore, hexamethyldisitoxane may be added to the reaction mixture of the polycondensation reaction 
to control the molecular weight of the polysiloxane (1) and to increase stability. 

[0197] The amount of hexamethyldisitoxane added is usually 500 parts by weight or less, and preferably 50 parts 
by weight or less, for 1 00 parts by weight of all of the silane compounds. If the amount of hexamethyldisiloxane exceeds 
500 parts by weight, the resulting polymer tens to have a small molecular weight and a low glass transition temperature 
(Tg). 

[0198] The polycondensation reaction Is carried out at a temperature^of usually -50 to 300^C, and preferably 20 to 
1 00°C, usually for a period of one minute to 1 00 hours. 

[0199] In preparing the polysiloxane (1 ), one or more other silane compounds may be used together with the above- 
described silane compounds (6), (7), and (8), or their partial condensates. 
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[0200] As examples of the other silane compounds, a sitane compound of the following fonnula (12) (hereinafter 
refen-ed to as "silane compound (12)"}, a silane compound of the following formula (13) (hereinafter refer red to as 
"silane compound (13)"), a silane compound of the following formula (14) (hereinafter refeaed to as "silane compound 
(14)"), and partial condensates of these silane compounds can be given. 

[0201] "Partial condensate" herein indicates a linear oligomer fonned from 2-10, preferably 2-5, silane molecules, 
or a cyclic oligomer fomied from 3-10, preferably 3-5, silane molecules. 

B^ 

R^'O— Si-OR'* R^O— Si-OR* R^O— Si-R^ 
OR* R* r5 

(12) (13) (H) 



[0202] In the formulas (12)-(14), B^ B^, and individually represent a hydrogen atom, hydroxyl group, halogen 
atom, a substituted orunsubstituted alkyi group having 1 -1 0 carbon atoms, a substituted or unsubstituted aikoxyl group 
having 1*10 carbon atoms, a substituted or unsubstituted acetoxy group, substituted or unsubstitutedaryl group having 
6-15 carbon atoms, substituted or unsubstituted arallcyl group having 7-20 carbon atoms, or other monovalent organic 
groups having an oxygen atom; and and RS individually represent an alkyl group having 1-10 carbon atoms or 
halogenated alkyl group having 1-10 carbon atoms; provided that B^ B^. and B^ do not include in the fonmula (6) 
nor A^ in the fomnula (7). 

[0203] As examples of the halogen atom shown by B\ B^, and B^ In the fomnulas (1 2) to (1 4), chlorine atom, bromine 
atom, and Iodine atom can be given. 

[0204] The following groups can be given as examples of the substituted or unsubstrtuted alkyl group having 1-10 
carbon atoms represented by the group B^ B^, or B^: methyl group, ethyl group, n-propyl group, i-propyl group, n- 
butyl group, i-butyl group, sec-butyl group, t-butyl group, n-pentyl. group, n-hexyl group, n-heptyl group, n-octyl group, 
n-nonyl group, n-decyl group, cyclopentyl group, cyclohexyl group, hydroxymethyl group, 2-hydroxyethyl group, 3-hy- 
droxypropyl group, 4-hydroxybutyl group, 4-hydroxycyclohexyt group, carboxymethyl group, 2-carboxyethyl group, 
3-carboxypropyl group. 4-carboxybutyl group, 4-carboxycyclohexyl group, methoxymethyl group, 2-methoxyethyl 
group, 3-methoxypropyl group, 4-methoxy butyl group, 4-methoxycyclohexyl group, acetoxymethy! group, 2-acetoxye- 
thyl group, 3-acetoxypropyl group, 4-acetoxy butyl group, 4-acetoxycyclohexyl group, mercaptomethyl group, 2-mer- 
captoethylgroup, 3-mercaptopropylgroup, 4-mercaptobutyl group, 4-mercaptocyclohexyl group, cyanomethyl group, 
2-cyanoethyl group, 3-cyanopropyl group, 4-cyanobutyl group, 4-cyanocyclohexyl group, 3-glycidoxypropyl group, 2- 
(3,4-epoxy)cyclohexyl group, 2-(3,4-epoxy)cyclohexylethyl group, and 3-morpholinopropyl group. 
[0205] As examples of the substituted or unsubstituted aikoxyl group having 1 -1 0 carbon atoms represented by B^ , 
B^, or B^, methoxy group, ethoxy group, n-propoxy group, i-propoxy group, n-butoxy group, l-butoxy group, sec-butoxy 
group, t-butoxy group, cyciohexyloxy group, fluoromethoxy group, chloromethoxy group, 2-chloroethoxy group, 2-bro- 
moethoxy group, 3-chloropropoxy group, 3-bromopropoxy group, 3-glycidoxypropoxy group, 4-fluorocyclohexyloxy 
group, and 3,4-epoxycyclohexyloxy group can be given. 

[0206] As examples of the substituted or unsubstituted aceoxy group represented by B^ B^, or B^, acetoxy group, 
trifluoroacetoxy group, chloroacetoxy group, and bromoacetoxy group can be given. 

[0207] As examples of the as substituted or unsubstituted aryl group having 6-15 carbon atoms represented by B"", 
B^, or B^, phenyl group, o-tolyl group, m-tolyl group, p-tolyl group, a-naphthyl group, p-naphthyi group, 2-fluorophenyi 
group, 3-fluorophenyl group, 4-fluorophenyl group, 4-chlorophenyl group, 4-bromophenyl group, 2-hydroxyphenyi 
group, 3-hydroxyphenyl group, 4-hydroxyphenyl group, 2-carboxyphenyl group, 3-carboxyphenyl group, 4-carboxy- 
phenyl group, 2-methoxyphenyl group, 3-methoxyphenyl group, 4-methoxyphenyl group. 2-acetoxyphenyl group, 3-ac- 
etoxyphenyl group, 4-acetoxyphenyl group, 2-trimethylsiloxphenyl group, 3-trimethylsiloxyphenyl group, and 4-trimeth- 
ylsiloxyphenyl group can be given. 

[0208] As examples of the as substituted or unsubstituted aralkyi group having 7-20 carbon atoms represented by 
Bl, B?, or B?, benzyl group, phenethyl group, 2-lluorobenzyl group, 3-fluprobenzyj group, 4-fluorobenzyl group, 4-chlo- 
robenzyl group, 4-bromobenzyl group, 2-hydroxybenzyl group, 3- hydroxy benzyl group, 4-hydroxybenzyl group, 
2-methoxybenzyl group, 3-methoxybenzyl group, 4-methoxybenzyl group, 2-acetoxy benzyl group, 3-acetoxybenzyl 
group, 4-acetoxybenzyl group. 2-trimethylsiloxybenzyl group, 3-trimethylslloxy benzyl group, and 4-trimethylsiloxyben- 
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zyl group can be given. 

[0209] As examples of the other oxygen-containing monovalent groups represented by , B^, and B^, the groups 
shown by the formulas (15) and (16) can be given. 

^ _P'_OH (15) 



_P'_COOH (16) 

10 

wherein P' indicates a methylene group, difluoromethylene group, fiuoroalkylene group having 2-20 carbon atoms, 
divalent aromatic group having 6-20 carbon atoms, or other divalent alicyclic groups having 3-20 carbon atoms. 
[0210] As examples of the fluoroallcylene groups having 2-20 carbon atoms, divalent aromatic groups having 6-20 
carbon atoms, and other divalent alicycHc groups having 3-20 carbon atoms represented by P in the formulas (15) 
15 and (1 6), the same corresponding groups previously given as examples of the group P in the formula (9) can be given. 
[0211] As the group P in the fomiulas (15) and (1 6). a difluoromethylene group, a divalent hydrocarbon group having 
an adamantine sl<eleton, its halide derivative, a divalent hydrocarbon group having a norbomene skeleton, its halide 
derivative, and the like are preferable. The group represented by the following formula (1 7) is particularly preferable. 

20 



25 



30 




(17) 



R Rf 

35 

wherein R individually represents a hydrogen atom or a methyl group, Rf represents a hydrogen atom, methyl group, 
or trifluoromethyl group, and n Is an integer of 0-3. 

[0212] As examples of the alkyi group or halogenated alkyi groups having 1-10 carbon atoms represented by R^ or 
40 R5 in the formulas (12) to (14), a methyl group, ethyl group, n-propyl group, i-propyl group, n-buty! group, i-butyl group, 
sec-butyl group, trbutyl group, n-pentyl group, n-hexyl group, n-heptyl group, n-octyl group, n-nonyl group, n-decyl 
group, cyclopentyl group, cyclohexyl group, fluoromethyl group, chloromethyl group, bromomethyl group, difluorome- 
thyl group, dichloromethyl group, and trifluoromethyl group can be given. 

[0213] If at least one compound selected from the group consisting of the silane compounds (12) - (14) and their 
45 partial condensates is condensed together with the silane compound (6) and/or silane compound (7), or their partial 
condensates, the molecular weight and glass transition temperature (Tg) of the resulting polysiloxane (1) can be ad- 
equately controlled so that transparency at the wavelength of 193 nm, particularly preferable 157 nm, can be further 
improved. 

[0214] The total amount of the silane compound (12), silane compound (13), and silane compound (14) is usually 
50 80 wt% or less, preferably —50 wt%, and particularly preferably — wt%, for 1 00 wt% of all silane compounds. If this 
total amount exceeds 80 wt%, resolution of the resulting radiation-sensitive resin composition tends to be impaired. 

Preparation of polysiloxane (3) 

55 ~ [0215]^ Polysiloxane (3) can be prepared by the polycondensation of at least one component selected from the group 
consisting of the silicon-containing alicyclic compound (2) having m = 0 or 1 and n = 1 -3 in the fomriula (2-A) (hereinafter 
refen^ed to as "silicon-containing alicyclic compound (2')") and a linear or cyclic oligomer prepared by partial conden- 
sation of the silicon-containing alicyclic compound (2*), in the presence of an acidic catalyst or a basic catalyst using 
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or without using a solvent in the same manner as in the case of polysiloxane (1). The process preferabiy includes a 
polycondensation reaction step using an acidic catalyst. 

[0216] Here, "the linear of cyclic oligomer prepared by partial condensation of the silicon-containing alicycltc com- 
pound (2')" indicates oligomers of usually 2-10 molecules, preferably 2-5 molecules, in the case of linear oligomers, 
5 and usually 3-1 0 molecules, preferably 3-5 molecules, in the case of the cyclic oligomers, each oligomer being formed 
by the condensation of the Si-OR3 groups in the silicon-containing alicyclic compounds. 

[0217] In preparing the polysiloxane (3), silicon containing alicyclic compound (2') may be used either individually or 
in combination of two or more. 

[0218] The use of an acidic catalyst in the preparation of polysiloxane (3) ensures a unifomri and rapid polyconden- 
10 sation reaction accompanying hydrolysis, reducing the amount of hydrolysable groups in the raw material left unreacted 
in the resulting polymer, thereby minimizing absorption of radiation by the hydrolysable groups. Therefore, polyconden- 
sation under acidic conditions is more advantageous than polycondensation under basic conditions also with regard 
to the radiation transmittance In the wavelength range less than 193 nm. 

[0219] Another advantage of carrying out the polycondensation under acidic conditions is that the resulting polysi- 
15 loxane (3) has a narrow molecular weight distribution. The radiation-sensitive resin composition prepared from such 
a polysiloxane (3) is less susceptible to a negative-tone reaction when exposed to radiation having a wavelength less 
than the deep ultraviolet region, whereby the resin composition exhibits improved adhesion properties to resist pattern 
substrates. Furthermore, resist patterns with a fine and excellent configuration can be obtained also in the case where 
the resist is developed using a common developer due to homogeneous dissolution of resist films. This is a feature 
20 manifestly observed when the resist is exposed to radiation with a wavelength of 1 93 nm or less. 

[0220] Moreover, in the preparation of polysiloxane (3), the polycondensation of a raw material compound under 
acidic conditions, followed by the addition of a basic catalyst to continue the reaction under acidic conditions increases 
the degree of polymerization of the resulting polysiloxane (3). Such a polysiloxane has a higher Tg and exhibits more 
excellent characteristics as a result of increased crosslinking. However, when the polysiloxane (3) is used as a material 
25 for the radiation -sensitive resin composition, which is discussed later in this specification, it should be noted that the 
problem as to which type of polysiloxane (3), i.e. the polysiloxane (3) obtained only by the polycondensation under 
acidic conditions and the polysiloxane (3) obtained by the polycondensation under acidic conditions followed by basic 
conditions Is preferred depends on the type of the radiation-sensitive resin composition. 

[0221 ] In preparing the polysiloxane (3), one or more other silane compounds may be used together with the silicon 

30 containing alicyclic compound (2') or their partial condensates. 

[0222] As above-described other silane compounds, the silicon-containing alicyclic compound (2) having m = 0 or 
1 and n = 0 in the formula (2-A), silicon-containing alicyclic compound (2) having m = 2 in the formula (2-A), silicon- 
containing alicyclic compound (4), silane compound (B), silane compound (12), silane compound (1 3), and silane com- 
pound (14), and their partial condensates can be given. 

35 [0223] Use of these other silane compounds, particularly the silane compound (1 2) or its partial condensates, in the 
polycondensation reaction ensures adequate control of the molecular weight and glass transition temperature (Tg) of 
the resulting polysiloxane (3), whereby transparency at the wavelength of 193 nm, particularly preferable 157 nm, can 
be further improved. The total amount of the other silane compounds is usually 80 wt% or less, preferably 50 wt% or 
less, and particularly preferably 20 wt% or less of the total amount of the silicon-containing alicyclic compound (2') and 

40 the other silane compounds. If this total amount exceeds 80 wt%, resolution of the resulting radiation-sensitive resin 
composition tends to be impaired. 

Preparation of polysiloxane (5) 

45 [0224] Polysiloxane (5) can be prepared by the polycondensation of at least one component selected from the group 
consisting of the silicon-containing alicyclic compound (4) having m = 0 or 1 in the fomnula (4-A) (hereinafter refen'ed 
to as "silicon-containing alicyclic compound (4')") and a linear or cyclic oligomer prepared by partial condensation of 
the silicon-containing alicyclic compound (2'), in the presence of an acidic catalyst or a basic catalyst using or without 
using a solvent in the same manner as in the case of polysiloxane (1 ). The process preferably includes a polyconden- 

so sation reaction step using an acidic catalyst. 

[0225] Here, '^he linear of cyclic oligomer prepared by partial condensation of the silicon-containing alicyclic com- 
pound (4')" indicates oligomers of usually 2-10 molecules, preferably 2-5 molecules, in the case of linear oligomers, 
and usually 3-1 0 molecules, preferably 3-5 molecules, in the case of the cyclic oligomers, each oligomer being formed 
by the condensation of the Si-OR^ groups in the silicon-containing alicyclic compounds. 
— -55 [0226] In preparing the polysiloxane (5), silicon containing alicyclic compound (4') may be used either individually or 
in combination of two or more. 

[0227] The use of an acidic catalyst in the preparation of polysiloxane (5) ensures a uniform and rapid polyconden- 
sation reaction accompanying hydrolysis, reducing the amount of hydrolysable groups in the raw material left unreacted 
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in the resulting polymer, thereby minimizing absorption of radiation by the hydrotysable groups. Therefore, polyoonden- 
sation under acidic conditions is more advantageous than polycondensation under basic conditions also with regard 
to the radiation transmlttance in the wavelength range less than 193 nm. 

[0228] Another advantage of carrying out the polycondensation under acidic conditions is that the resulting polysi- 
5 loxane (5) has a narrow molecular weight distribution. The radiation-sensitive resin composition prepared from such 
a polysiloxane (5) is less susceptible to a negative-tone reaction when exposed to radiation having a wavelength less 
than the deep ultraviolet region, whereby the resin composition exhibits improved adhesion properties to resist pattern 
substrates. Furthenmore, resist patterns with a fine and excel lent configuration can be obtained also in the case where 
the resist is developed using a common developer due to homogeneous dissolution of resist films. This is a feature 
10 manifestly observed when the resist is exposed to radiation with a wavelength of 1 93 nm or less. 

[0229] Moreover, in the preparation of poiysiioxane (5), the polycondensation of a raw material compound under 
acidic conditions, followed by the addition of a basic catalyst to continue the reaction under acidic conditions increases 
the degree of polymerization of the resulting polysiloxane (5). Such a polysiloxane has a higher Tg and exhibits more 
excellent characteristics as a result of increased crosslinking. However, when the polysiloxane (5) is used as a material 
IS for the radiation-sensitive resin composition, which is discussed later in this specification, it should be noted that the 
problem as to which type of polysiloxane (5), i.e. the polysiloxane (5) obtained only by the polycondensation under 
acidic conditions and the polysiloxane (3) obtained by the polycondensation under acidic conditions followed by basic 
conditions is preferred depends on the type of the radiation-sensitive resin composition. 

[0230] in preparing the poiysiioxane (5), one or more other silane compounds may be used together with the silicon 
20 containing alicyclic compound (4') or their partial condensates. 

[0231] As the above-described other silane compounds, the silicon-containing alicyclic compound (2), the silicon- 
containing alicyclic compound (4) having m = 2 in the fomriula (4-A), silane compound (8), silane compound (1 2), silane 
compound (13), and silane compound (14), and their partial condensates can be given. 

[0232] Use of these other silane compounds, particularly the silane compound (12) or its partial condensates, in the 
25 polycondensation reaction ensures adequate control of the molecular weight and glass transition temperature (Tg) of 
the resulting polysiloxane (5), whereby transparency at the wavelength of 193 nm, particulariy preferable 157 nm, can 
be further improved. The total amount of the other silane compounds is usually 80 wt% or less, preferably 50 wt% or 
less and particularly preferably 20 wt% or less of the total amount of the silicon-containing alicyclic compound (4*) and 
the other silane compounds. If this total amount exceeds 80 wt%, resolution as a resist tends to be Impaired. 
30 [0233] The silicon-containing alicyclic compound (5) in which Z is a monovalent organic group dissociating hydrogen 
atoms by the action of an acid can be synthesized from polysiloxane (5) in which Z is a hydrogen atom by replacing 
the hydrogen atom of the hydroxyl group of this compound with a monovalent organic group dissociating hydrogen 
atoms by the action of an acid. 

[0234] More particularly, the above method can be carried out as follows, for example. 
35 [0235] (g)When Z is a t-butoxycarbonyl group, a method of esterifying the hydroxyl group in the raw polymer with dl- 
t-butyl carbonate in the presence of a catalytic amount of 4-dimethylaminopyridine. 

[0236] (DWhen Z is a tetrahydropyranyl group, a method of effecting an addition reaction to the hydroxyl group in 
the raw polymer with 2,3-dihydro-4H-pyrane according to a conventional method. 

[0237] (2)When Z is an acetal group such as a 1 -alkoxyethyl group, a method of effecting an addition reaction to the 
40 hydroxyl group in the raw polymer with a corresponding alkylvinyl ether according to a conventional method. 

[0238] The above methods(g)to (2)can be carried out usually using a suitable solvent. The solvents previously given 
in the description relating to the method0forthe preparation of the silicon containing alicyclic compound (2) and silicon 
containing alicyclte compound (4) can be given as examples of the solvent used here. The reaction conditions, such 
as a reaction temperature and reaction time, are appropriately determined according to the method employed, types 
45 of reagents used, and the like. 

[0239] In particular, the method ©can efficiently produce the polysiloxane (4) in which the group Z is a monovalent 
organic group dissociating hydrogen atoms by the action of an acid. On the other hand, it is difficult to obtain the target 
compound by using a sodium hydride catalyst which is used to replace a hydroxyl group in common organic compounds 
with a t-butoxycarbonyl group. 

50 

Radiation-sensitive resin composition 

[0240] The following compositions can be given as examples of the preferable radiation-sensitive resin composition 
of the present invention. 

(1) A radiation-sensitive resin composition containing (a) a resin comprising an alkali insoluble or all^li I6w~sdlubie 
polysiloxane (1), whk^h becomes soluble in alkali when an acid-dissociable group dissociates, and (b) a photoacid 
generator (hereinafter referred to as "radiation-sensitive resin composition (1 )"). 
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(2) A radiation-sensitive resin composition containing (a) a resin comprising an alkali insoluble or alkali low soluble 
polysiioxane (3') and/or an alkali insoluble or alkali low soluble polysiloxane (5), which becomes soluble in alkali 
when an acid-dissociable group dissociates, and (b) a photoacid generator (hereinafter referred to as "radiation- 
sensitive resin composition (2)"). 

5 

[0241 ] The component (a) in the radiation-sensitive resin composition (1 ) preferably comprises a polysiloxane which 
comprises at least one of the structural units (i-1) and (1-2) and/or a polysiloxane which comprises at least one of the 
structural units (il-1) and (11-2). 

[0242] The polysiloxane (3') in the radiation-sensitive resin composition (3') comprises the structural unit (l-V) and/ 
10 or the structural unit (1-2') and has a Mw of 500-1 ,000,000. The group shown by the following formula (ill) can be given 
as an example of the monovalent organic group dissociating hydrogen atoms by the action of an acid represented by 
Z' In the fonnula (3'). 



R*-C-R' GiO 
I 

20 

wherein R' individually represents a linear or branched alkyl group having 1-4 carbon atoms or a monovalent allcyclic 
hydrocarbon group having 3-20 carbon atoms or a derivative thereof, or any two of R's form In combination a divalent 
aiicycllc hydrocarbon group having 3-20 cartoon atoms or a derivative thereof, with the remaining R' being a linear or 
branched alkyl group having 1 -4 carbon atoms or a monovalent aiicycllc hydrocarbon group having 3-20 carbon atoms 
25 or a derivative thereof. 

[0243] As examples of the linear or branched alkyl group having 1 -4 carbon atoms represented by R' in the fomnula 
(ill), a methyl group, ethyl group, n-propyl group, i-propyl group, n-butyl group, 2-methyipropyl group, 1 -methylpropyl 
group, and t-butyl group can be given. 

[0244] As examples of the monovalent alicyclic hydrocarbon group having 3-20 carison atoms and the divalent ali- 
30 cyclic hydrocarbon group having 3-20 carbon atoms formed by two R's In combination, alicyclic groups derived from 
a cycloalkane such as noriDornane, tricyclodecane, tetracyclododecane, adamantine, cyclopropane, cyclobutane, cy- 
clopentane, cyclohexane, cycloheptane, or cyclooctane, and groups obtained by replacing hydrogen atoms on these 
alicyclic groups with above-mentioned one or more alkyl groups having 1-4 carbon atoms can be given. 
[0245] Of these groups of the formula (iii), the group having a methyl group for R' (corresponding to the recurring 
3s unit forming the polysiloxane (3)) Is ideal. 

Acid generator (b) 

[0246] The acid generator (b) used in the radiation-sensitive resin composition (1) or the radiation-sensitive resin 
^ composition (2) is a component generating an acid by exposure to radiation. The acid causes an acld-dlssoclable group 
in the resin to dissociate. As a result, an exposed part of the resist film becomes readily soluble in an alkaline developer, 
thereby forming a positive-tone resist pattern. 

[0247] As examples of the acid generator (b), onium salts, halogen-containing compounds, diazoketone compounds, 
sulfone compounds, and sulfonate compounds can be given. 
4S [0248] Examples of the acid generator (b) are given below. 

Onium salts: 

[0249] As examples of onium salts, iodonium salts, sulfonium salts (including tetrahydrothiophenium salts), phos- 
so phonium salts, diazonium salts, and pyridinlum salts can be given. 
[0250] Specific examples of preferable onium salts include: 

diphenyllodonium trifluoromethanesulfonate, diphenyliodonlum nonafiuoro-n-butanesulfonate, diphenyliodonlum hep- 
tadecafluoro-n -octanes u If on ate, diphenyliodonlum pyrenesulfonate, diphenyllodonium n-dodecylbenzenesu(fonate, 
diphenyllodonium hexafluoroantlmonate, diphenyliodonium naphthalenesulfonate, bis(4-t-butylphenyl)iodonlum trif- 
55 luorbrnethanesulfonate, bis(4-t-butylphenyl)lodonium nonafluoro-n-butanesulfonate, bis(4-t-butylphenyl)iodonium 
heptadecafluoro-n-octanesulfonate, bls(4-t-butylphenyl)n-dodecylbenzenesulfonate, bis(4-t-butyjphenyr)]odbniurTi 
hexafluoroantlmonate, bis'(4-t-buty (phenyl) iodonium naphthalenesulfonate, triphenylsulfonium trifluoromethanesul- 
fonate, triphenylsulfonlum nonafluoro-n-butanesulfonate, triphenylsulfonium heptadecafluoro-n-octanesulfonate. 
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triphenylsutfonium pyrenesutfonate, triphenylsulfonium n-dodecylbenzenesulfonate, triphenylsulfonium hexafluoroan- 
timonate. triphenylsulfonium naphthalenesulfonate. triphenylsulfoniunn 10-camphorsutfonate. 4-hydroxyphenyl-phe- 
nyl-methytsulfonium, p-toluenesulfonate, cyclohexyl-2-oxocyclohexyl-methylsulfonium trrfluoromethanesulfonate, cy- 
clohexyl*2-oxocyclohexyt-methytsulfonium nonafluoro-n-butanesulfonate, cyclohexyl-2-oxocydoliexyl-nnethylsulfo- 

5 nium heptadecafluoro-n-octanesulfonate, dicyclohexyl-2-oxocyclohexylsultonium trifluoromethanesulfonate, dicy- 
clohexyl'2-oxocyclohexylsulfonium nonafluoro-n-butanesuffonate, dicyclohexyl-2-oxocyclohexylsuffonium heptade- 
cafiuoro-n-octanesulfonate, 2-oxocyctohexyldimethylsulfonium trifluoromethanesulfonate, 2-oxocyclohexyldimethyl- 
sulfonlum nonafluoro-n-butanesulfonate, 2-oxocyciohexyldimethylsulfonium heptadecafluoro-n-octanesulfonate, 
4-hydroxyphenyl-benzyl-methylsulfonium p-toluenesulfonate, triphenylsulfonium perfluoro-n-octanesutfonate, 1-naph- 

10 thyldimethylsulfonlum trifluoromethanesulfonate, 1 -naphthyldimethylsulfonlum nonafluoro-n-butanesulfonate, 1 -naph- 
thyldimethylsutfonium heptadecafluoro-n-octanesulfonate, 1 -naphthyldiethylsulfonium trifluoromethanesulfonate, 
1 -naphthyldiethylsulfonium nonafluoro-n-butanesulfonate, 1 -naphthyldiethylsulfonium heptadecafluoro-n-octanesul- 
fonate, 4-cyano-1 -naphthyldimethylsulfonlum trifluoromethanesulfonate, 4-cyano-1 -naphthyldimethylsulfonlum non- 
afluoro-n-butanesulfonate, 4-cyano-1 -naphthyldimethylsulfonlum heptadecafluoro-n-octanesulfonate, 4-cyano- 

^5 1 -naphthyldiethylsulfonium trifluoromethanesulfonate, 4-cyano-1 -naphthyldiethylsulfonium nonafluoro-n-butanesul- 
fonate, 4-cyano-1 -naphthyldiethylsulfonium heptadecafluoro-n-octanesulfonate, 4-nitro-1 -naphthyldimethylsulfonlum 
trifluoromethanesulfonate, 4-nltro-1 -naphthyldimethylsulfonlum nonafluoro-n-butanesulfonate, 4-nitro-1 -naphthyld- 
imethylsulfonlum heptadecaf luoro-n-octanesulfonate, 4-nitro-1 -naphthyldiethylsulfonium trifluoromethanesulfonate, 
4-nitro-1 -naphthyldiethylsulfonium nonafluoro-n-butanesulfonate. 4-nrtro-1 -naphthyldiethylsulfonium heptadecaf luoro- 

20 n-octanesulfonate, 4-methyl-1 -naphthyldimethylsulfonlum trifluoromethanesulfonate, 4-methyl-1 -naphthyldimethylsul- 
fonlum nonafluoro-n-butanesulfonate, 4-methyl-1 -naphthyldimethylsulfonlum heptadecafluoro-n-octanesulfonate, 
4-methyl-1 -naphthyldiethylsulfonium trifluoromethanesulfonate, 4-methyl-1 -naphthyldiethylsulfonium nonafluoro-n- 
butanesulfonate, 4-methy 1-1 -naphthyldiethylsulfonium heptadecafluoro-n-octanesulfonate, 4-hydroxy-1 -naphthyld- 
imethylsulfonlum trifluoromethanesulfonate, 4-hydroxy-1 -naphthyldimethylsulfonlum nonafluoro-n-butanesulfonate, 

25 4-hydroxy-1 -naphthyldimethylsulfonlum heptadecafiuoro-n-octanesulfonate, 4>hydroxy-1 -naphthyldiethylsulfonium tri- 
fluoromethanesulfonate, 4-hydroxy-1 -naphthyldiethylsulfonium nonafluoro-n-butanesulfonate, 4-hydroxy-1 -naphthyl- 
diethylsulfonium heptadecafluoro-n-octanesulfonate, 4-hydroxy-1-naphthyltetrahydrothiophenium trifluorometh- 
anesulfonate, 4-methoxy-1 -naphthyltetrahydrothiophenlum trifluoromethanesulfonate, 4-ethoxy-1 -naphthyltetrahydro- 
thiophenium trifluoromethanesulfonate, 4-methoxymethoxy-1 -naphthyltetrahydrothiophenlum trifluoromethanesul- 

30 fonate, 4-ethoxymethoxy-1 -naphthyltetrahydrothiophenlum trifluoromethanesulfonate, 4-(V-methoxyethoxy)-1 -naph- 
thyltetrahydrothiophenlum trifluoromethanesulfonate, 4-(2*-methoxyethoxy)-1 -naphthyltetrahydrothiophenlum trifluor- 
omethanesulfonate, 4-methoxycarbonyloxy-1 -naphthyltetrahydrothiophenlum trifluoromethanesulfonate, 4-ethoxycar- 
bonyloxy-1 -naphthyltetrahydrothiophenlum trifluoromethanesulfonate, 4-n-propoxycarbonyloxy-1 -naphthyltetrahydro- 
thiophenlum trifluoromethanesulfonate, 4-i-propoxycari3onyloxy-1 -naphthyltetrahydrothiophenlum trifluoromethane- 

35 sulfonate, 4-n-butoxycarbonyloxy-1 -naphthyltetrahydrothiophenlum trifluoromethanesulfonate, 4-t-butoxycarbony- 
loxy-1 -naphthyltetrahydrothiophenlum trifluoromethanesulfonate, 4-(2'-tetrahydrofuranyloxy)-1 -naphthyltetrahydrothi- 
ophenlum trifluoromethanesulfonate, 4-(2'-tetrahydropyranyloxy)-1 -naphthyltetrahydrothiophenlum trifluoromethane 
sulfonate, 4-benzyl oxy-1 -naphthyltetrahydrothiophenlum trifluoromethanesulfonate, 1- (1' -naphthylacetomethyltet- 
rahydrothlophenlum trifluoromethane sulfonate, 4-n-butoxy-1 -naphthyltetrahydrothiophenlum nonafluoro-n-butanesul- 

40 fonate. 

Halogen-containing compounds: 

[0251] As examples of halogen-containing compounds, haloalkyi group-containing hydrocart^on compounds, 
45 haloalkyi group-containing heterocyclic compounds, and the like can be given. 

[0252] As specific examples of preferable halogen-containing compounds, (trichloromethyl)-s-tria2ine derivatives 
such as phenylbis(trichloromethyl)-s-triazine, 4-methoxyphenylbis(trichloromethyl)-s-tria2ine, and 1 -naphthylbis 
(trichloromethyl)-s-triazine, 1 ,1-bis(4'-chlorophenyl)-2,2,2-trichioroethane, and the like can be given. 

50 Diazoketone compounds: 

[0253] As examples of diazoketone compounds, 1,3-diketo-2-diazo compounds, diazobenzoqulnone compounds, 
diazonaphthoquinone compounds, and the like can be given. 

[0254] As specific examples of preferable diazoketone compounds, 1 ,2-naphthoquinonediazido-4-sulfonyl chloride, 
55 T,2-naphthoqulnbnediazldo-5-sulfonyl chloride, 1,2-naphthoquinonediazido-4-sulfonate or 1 ,2-naphthoquinonediazi- — 
do-5 -sulfonate of 2,3,4,4'-tetrahydroxybenzophenone, 1 ,2-naphthoquinonedlazldo-4-sulfonate or 1 ,2-naphthoqul- 
nonediazido-5-sulfonate of 1 ,1 ,1-tris(4'-hydroxyphenyl)ethane, and the like can be given. 
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Sutfone compounds: 

[0255] As examples of sulfone compounds, p-ketosulfone, p-sulfonylsulfone, a-diazo compounds of these com- 
pounds, and the like can be given. 
5 [0256] As specific examples of preferable sulfone compounds, 4-tnsphenacylsulfone, mesitylphenacylsulfone. bis 
(phenylsulfonyl)methane, and the like can be given. 

Sulfonate compounds: 

10 [0257] As examples of sulfonate compounds, alkyi sulfonate, alkylimide sulfonate, haloalkyi sulfonate, aryl sulfonate, 
imino sulfonate, and the like can be given. 

[0258] As specific examples of sulfonate compounds, benzolntosylate, pyrogallol tris (trifluoromethanesulfonate), 
nitrobenzyl-9,10-dlethoxyanthracene-2-sulfonate, trifluoromethanesulfonylbicyclo[2.2.1]hepto-5-ene-2,3-dicar bodl- 
Imide, N-hydroxysuccinimidetrifluoromethanesulfonate, and 1 ,8-naphthalenedicarboxyllc acid imido thfluorometh- 

15 anesulfonate can be given. Of the above acid generators (b), the following compounds are preferable: diphenyliodo- 
niumtrifluoromethanesuffonate, bls(4-t-butylphenyl)iodonium trifluoromethanesulfonate, bis{4-t-butylphenyl)iodonium 
nonaftuoro-n-butanesulfonate, triphenylsulfonium trifluoromethanesulfonate, triphenylsulfonlum nonafluoro-n-bu- 
tanesulfonate, cyclohexyl-2-oxocyclohexyl-methylsulfonium trifluoromethanesulfonate, dicyclohexyl-2-oxocyclohexyl- 
sulfonium trifluoromethanesulfonate, 2-oxocyclohexyldimethyIsulfonium trifluoromethanesulfonate, 4-hydroxy-1 -naph- 

20 thyldimethylsuffonium trifluoromethanesulfonate, 4-hydroxy-1-naphthyltetrahydrothiophenium trifluoromethanesul- 
fonate, 1 -(1 '-naphthylacetomethyl)tetrahydrothiophenium trifluoromethanesulfonate, trifluoromethanesulfonylbicycio 
[2.2.1]hepto-5-ene-2,3-dicar bodiimide, N-hydroxysuccinimidetrifluoromethanesulfonate, 1 ,8-naphthalenedicarboxylic 
acid imido trifluoromethanesulfonate, and the like. 

[0259] The acid generator (b) may be used either individually or In combination of two or more. 
25 [0260] The amount of the acid generator (b) to be used in the radiation-sensitive resin composition (1 ) and radiation- 
sensitive resin composition (2) is usually 0.1 -1 0 parits by weight, and preferably 0.5-7 parts by weight for 1 00 parts by 
weight of the resin from the viewpoint of ensuring sensitivity and developabillty as a resist. If the amount of the acid 
generator (b) is less than 0.1 part by weight, sensitivity and developability tend to decrease. If the amount exceeds 1 0 
parts by weight, a rectangular resist pattern may not be obtained due to decreased radiation transmittance. 

30 

Additives 

[0261] It is preferable to add an acid diffusion controller to the radiation-sensitive resin composition (1 ) and radiation- 
sensitive resin composition (2). The acid diffusion controller controls diffusion of an acid generated from the acid gen- 

35 erator (b) upon exposure in the resist film to suppress unfavorable chemical reactions in the unexposed area. 

[0262] The addition of such an acid diffusion controller improves storage stability of the resulting composition and 
resolution as a resist. Moreover, the addition of the acid diffusion controller prevents the line width of the resist pattern 
from changing due to changes in the post-exposure delay (PED) between exposure and development, whereby a 
composition with remarkably superior process stability can be obtained. As the acid diffusion controller, organic com- 

40 pounds containing nitrogen of which the basicity does not change during exposure or heating forforming a resist pattern 
are preferable. 

[0263] As examples of such nitrogen-containing organic compounds, a compound shown by the following fomiula 
(18) (hereinafter called "nitrogen-containing compoundQ^), 

45 
50 



wherein individually represents a hydrogen atom, a substituted or unsubstrtuted alkyI group, substituted or unsub- 
^stituted jirylgrpup, or substituted or unsubstituted aralkyi group, a compound having two nitrogen atoms in the molecule 
55 (hereinafter referred to as "nitrogen-containing compounded)) , a polymer having three or more nitrogen atoms in the 
molecule (hereinafter referred to as "nitrogen-containing compounded), an amide group-containing compound, urea 
compound, nitrogen-containing heterocyclic compound, and the like can be given. 

[0264] The following compounds can be given as examples of the nitrogen-containing compound® linear, branched, 
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or cyclic monoalkylamines such as n-hexylamine, n-heptylamine, n-octylamine, n-nonyamine, n-decylamlne, and cy- 
clohexylamine; linear, branched, or cyclic dialkylamines such as di-n-butylamine, di-n-pentylamine, di-n-hexytannine, 
di-n-heptylamine, dl-n-octylamine, dl-n-nonylamine, dl-n-decylamine, cyclohexylmethytamine, and dicyclohexylamine; 
linear, branched, or cyclic trialkyi amines such as triethylamine, tri-n -propylamine, tri-n-butylamine, tri-n-pentylamine, 
tri-n-hexylamine, tri-n-heptylamine, tri-n-octylamine, tri-n-nonylamlne, trl-n-decylamine, cyclohexyldimethylamine, di- 
cyclohexylmethylamine, and tricyclohexylamine; aromatic amines such as aniline, N-methylaniline, N.N-dimethyl- 
aniline, 2-methylaniline, 3-methylaniline, 4-methylaniline, 4-nitroaniline, diphenylamine, triphenylamine, and naphthyl- 
amine; and the like. 

[0265] Examples of the nitrogen-containing compound (include ethylenediamine, N.N.N'.N'-tetramethylethylenedi- 
amine, tetramethylenediamine, hexamethylenediamlne, 4,4'-diaminodiphenylmethane, 4,4'-diaminodiphenyl ether. 
4,4'-diaminobenzophenone, 4,4'-diaminodiphenylamine, 2,2-bis(4'-aminophenyl)propane, 2-(3'-aminophenyl)-2-(4- 
aminophenyl)propane, 2-(4'-aminophenyl)-2-{3'-hydroxyphenyl)propane, 2-(4'-aminophenyl)-2-(4'-hydroxyphenyl) 
propane, 1,4-bis[1' - (4"-amlnophenyl)-1'-methylethyl]ben2ene, 1.3-bis [1 '-(4"-aminophenyl)-1 '-methylethyllbenzene, 
and the like. 

[0266] Examples of the nitrogen-containing compounds ©include polyethyleneimine, polyallylamine, a polymer of 
2-dimethylamlnoethylacrylamide, and the like. 

[0267] Examples of compounds containing an amide group include fomiamide, N-methylfonnamide, N,N-dimethyl- 
formamide, acetamide, N-methylacetamide, N.N-dimethylacetamide, propionamide, benzamide,pyrrolidone,N-meth- 
ylpyrrolidone.and the like. 

[0268] Examples of the urea compounds Include urea, methylurea, 1 ,1 -dimethyl urea, 1 ,3-dimethylurea, 1 ,1 ,3,3-te- 
tramethylurea, 1 ,3-diphenylurea, tri-n-butylthiourea, and the like. Examples of the nitrogen-containing heterocyclic 
compounds include: imidazoles such as imidazole, benzimidazole, 4-methylimidazole, and 4-methyl-2-phenylimida- 
zole; pyridines such as pyridine, 2-methylpyridine, 4-methylpyridine, 2-ethylpyridine, 4-ethylpyridine, 2-phenylpyridine, 
4-phenylpyridlne,2-methyl-4-phenylpyridine. nicotine, nicotinic acid, nicotinamide, qulnoline,4-hydroxyquinoline, 8-ox- 
yquinoline, and acridine; piperazines such as piperazine, 1-(2'-hydroxyethyl)piperazine;pyrazine,pyrazole,pyridazine, 
quinoxaline, purine, pyrrolidine, piperidine, morpholine, 4-methylmorpholine, 1 ,4-dimethylpiperazine, 1 ,4*diazabicyclo 
[2.2.2]octane; and the like. 

[0269] Of these nitrogen -containing organic compounds, the nitrogen-containing organic compounds Q^nd the ni- 
trogen-containing heterocyclic compounds are preferable. Among the nitrogen-containing organic compounds (J) tri 
(cyclo)alkylamines are particularly preferable. Among the nitrogen-containing heterocyclic compounds, pyridines and 
piperazines are particularly preferable. 

[0270] The acid diffusion controller may be used either individually or in combination of two or more. 
[0271 ] The amount of the acid diffusion controller to be added to the radiation-sensitive resin composition (1 ) or the 
radiation-sensitive resin composition (2) is usually 15 parts by weight or less, preferably 10 parts by weight or less, 
and still more preferably 5 parts by weight or less for 100 parts by weight of the resin. If the proportion of the acid 
diffusion controller exceeds 1 5 parts by weight, sensitivity as a resist and devetopablllty of the exposed area tend to 
decrease. If the amount is less than 0.001 part by weight, the pattern shape or dimensional accuracy as a resist may 
decrease depending on the processing conditions. 

[0272] Surfactants which improve applicability, developability, or the like may be added to the radiation -sensitive 
resin composition (1) and the radiation-sensitive resin composition (2). 

[0273] As examples of surfactants, non ionic surfactants such as polyoxyethylene lauryl ether, polyoxyethylene stear- 
yl ether, polyoxyethylene oleyl ether, polyoxyethylene n-octyl phenyl ether, polyoxyethylene n-nonyl phenyl ether, pol- 
yethylene glycol dilaurate, polyethylene glycol distearate; commercially available products such as KP341 (manufac- 
tured by Shin-Etsu Chemical Co., Ltd.), Polyflow No. 75, No. 95 (manufactured by Kyoeisha Chemical Co., Ltd.), FTOP 
EF301, EF303, EF352 (manufactured by TOHKEM PRODUCTS CORPORATION), MEGAFAC F171 , F173 (manufac- 
tured by Dainippon Ink and Chemicals, Inc.), Fluorard FC430, FC431 (manufactured by Sumitomo 3M Ltd.), Asahi 
Guard AG71 0, Surf Ion S-382, SC-1 01 , SC-1 02, SC-1 03, SC-1 04, SC-1 05, SC-1 06 (manufactured by Asahi Glass Co., 
Ltd.); and the tike can be given. 

[0274] These surfactants may be used either individually or in combination of two or more. 
[0275] The amount of the surfactant to be added to the radiation-sensitive resin composition (1) or the radiation- 
sensitive resin composition (2) is usually 2 parts by weight or less for 1 00 parts by weight of the total amount of resin 
and the acid generator (b). 

[0276] As other additives, halation inhibitors, adhesion promoters, storage stabilizers, anti-foaming agents, and the 
like can be given. 

[0277] - The radiation-sensitive resin composition (1 ).and radiation-sensjtive^resin composgion (2) excel in dry etching 
resistance and possess superior basic properties as a resist such as excellent transmlttanoe, sensitivity, resolution, 
and developability. 
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Preparation of composition solution 

[0278] The radiation-sensitive resin connposition (1) and radiation-sensitive resin composition (2) can be prepared 
as a composition solution by dissolving the composition In a solvent so that the total solid content is 1-25 wt%, and 

5 preferably 2-1 5 wt%, and filtering the composition using a filter with a pore diameter of about 0.2 \im, for example. 
[0279] Examples of solvents used for the preparation of the composition solution Include: linear or branched Icetones 
such as 2-butanone, 2-pentanone, 3-methyl-2-butanone, 2-hexanone, 4-methyl-2-pentanone, 3-methyl-2-pentanone, 
3»3-dimethyl-2-butanone, 2-heptanone, and 2-octanone; cyclic ketones such as cyclopentanone, 3-methylcyclopen- 
tanone, cyclohexanone, 2-methylcyclohexanone, 2,6-dimethylcyclohexanone, and isophorone; propylene glycol 

10 monoalkyl ether acetates such as propylene glycol monomethyi ether acetate, propylene glycol monoethyl ether ace- 
tate, propylene glycol mono-n-propyi ether acetate, propylene glycol mono-i-propyl ether acetate, propylene glycol 
mono-n-butyl ether acetate, propylene glycol mono-i-butyl ether acetate, propylene glycol mono-sec-butyl ether ace- 
tate, and propylene glycol mono-t-butyl ether acetate; alkyi 2-hydroxypropionatessuch as methyl 2-hydroxyproplonate, 
ethyl 2-hydroxypropionate, n-propyl 2-hydroxypropionate, i-propyl 2-hydroxypropionate, n-butyl 2-hydroxypropionate, 

15 i-butyl 2-hydroxypropionate, sec-butyl 2-hydroxypropionate. and t-butyl 2-hydroxypropionate; alkyI 3-alkoxypropion- 
ates such as methyl 3-methoxypropionate, ethyl 3-methoxypropionate, methyl 3-ethoxypropionate, and ethyl 3-ethox- 
ypropionate; as well as other solvents such as n-propyl alcohol, i-propyi alcohol, n-butyt alcohol, t-butyl alcohol, cy- 
clohexanol, ethylene glycol monomethyi ether, ethylene glycol monoethyl ether, ethylene glycol mono-n-propyl ether, 
ethylene glycol mono-n-butyl ether, diethylene glycol dimethyl ether, diethylene glycol diethyl ether, diethylene glycol 

20 di-n-propyl ether, diethylene glycol dl-n-butyl ether, ethylene glycol monomethyi ether acetate, ethylene glycol monoe- 
thyl ether acetate, ethylene glycol mono-n-propyl ether acetate, propylene glycol monomethyi ether, propylene glycol 
monoethyl ether, propylene glycol mono-n-propyl ether, toluene, xylene, 2-hydroxy-2-methylethyl propionate, ethox- 
yethyl acetate, ethyl hydroxyacetate, methyl 2-hydroxy-3-methylbutyrate, 3-methoxybutylacetate, 3-methyl-3-meth- 
oxybutylacetate. 3-methyl-3-methoxybutylpropionate, 3-methyl-3-methoxybutylbutyrate, ethyla cetate, n-propyl ace- 

2s tate, n-butylacetate, methyl acetoacetoate, ethyl acetoacetate, methyl pyruvate, ethyl pyruvate, N-methyl pyrrolidone, 
N,N-dimethylformamide, N,N-dimethylacetamide, benzyl ethyl ether, di-n-hexyl ether, diethylene glycol monomethyi 
ether, diethylene glycol monoethyl ether, caproic acid, caprylic acid, 1-octanol, 1-nonanoi, benzyl alcohol, benzyl ac- 
etate, ethyl benzoate, diethyl oxalate, diethylmaleate, y^butyrolactone, ethylene carbonate, and propylene carbonate. 
[0280] These solvents may be used either individually or in combination of two or more. Among these solvents, linear 

30 or branched ketones, cyclic ketones, propylene glycol monoalkyl ether acetates, alkyl 2-hydroxypropio nates, and alkyl 
3-aikoxyproplonates are preferable. 

Fomriation of resist patterns 

35 [0281] A method of fomriing resist patterns using the radiation -sensitive resin composition (1 ) or the radiation-sen- 
sitive resin composition (2) will now be described. 

[0282] In the radiation-sensitive resin composition (1) or radiation-sensitive resin composition (2), an acid is gener- 
ated from the acid generator (b) upon exposure to radiation. The acid-dissociable group in the resin to dissociate by 
the action of the acid and generates a carboxyl group or hydroxyl group. As a result, solubiity of the exposed part of 
40 the resist In an alkaline developer increases, whereby the exposed part is dissolved in an alkaline developer and 
removed to produce a positive-tone resist pattem. 

[0283] A resist pattern is fomied from the radiation-sensitive resin composition (1) or the radiation-sensitive resin 
composition (2) by applying the composition solution to, for example, substrates such as a silicon wafer or a wafer 
coated with aluminum using an appropriate application method such as rotational coating, cast coating, and roll coating 
45 to form a resist film. The resist film is then optionally pre-baked (hereinafter called "PB") and exposed to fomn a pre- 
determined resist pattern. An F2 excimer laser (wavelength: 157 nm), ArF excimer laser (wavelength: 193 nm), and 
KrF excimer laser (wavelength: 248 nm) are preferable as radiation used for exposure. 

[0284] In the present invention, it is preferable to perf onm post-exposure bake (hereinafter called "PEB") after expo- 
sure. The PEB ensures a smooth acid dissociation reaction from the resin (a) . The heating temperature for PEB is 
so usually 30-200^C. and preferably 50-1 70®C, although the heating conditions vary depending on the composition of the 
resist. 

[0285] In order to fully bring out latent capability of the radiation-sensitive resin composition (1) and the radiation- 
sensitive resin composition (2), an organic or inorganic anti-refiection film may be fomned on a substrate as disclosed 
_ . _ - in Japanese Patent Publication No. 12452/1994, for example. Moreover, a protection film may be fonmed on the resist 
55 film as disclosed in Japanese Patent Publication No: 188598/1993 or the like in order to.prevent the effects of basic 
impurities or the like in an environmental atmosphere. These techniques may be employed in combination. 
[0286] The exposed resist film is then developed to form a predetermined resist pattem. 

[0287] As examples of a developer used for development, it Is preferable to use an alkaline aqueous solution prepared 
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by dissolving at least one of allcaiine compounds such as sodium hydroxide, potassium hydroxide, sodium carbonate, 
sodium siiicate, sodium metasilicate, aqueous ammonia, ethyiamine, n-propylamine, diethyiamine, di-n-propylamine, 
triethylamine, methyldiethylamine, ethyldimethylamine, triethanolamine. tetramethylammonium hydroxide, pyrrole, 
piperidine, choline, 1 ,8-dlazabicyclo-[5.4.0]-7-undecene, and 1 ,5-diaza bicyclo-[4.3.0]-5-nonene. 

5 [0288] The concentration of the alkaline aqueous solution Is usually 1 0 wt% or less. If the concentration of the alkaline 
aqueous solution exceeds 1 0 wt%, an unexposed area may be dissolved in the developer 
[0289] Organic solvents or the like may be added to the developer containing an alkaline aqueous solution. 
[0290] As examples of organic solvents, ketones such as acetone, 2-butanone, 4-methyl-2-pentanone, cyclopen- 
tanone, cyclohexanone, 3-methylcyclopentanone, and 2,6-dlmethylcyciohexanone; alcohols such as methylalcohol, 

10 ethylalcohol, n-propylalcohol, i-p ropy taico hoi. n-butylalcohol, t-butylalcohol, cyclopentanol, cyclohexanol, 1,4-hexan- 
ediol. and 1 .4-hexanedlmethylol; ethers such as tetrahydrofuran and dioxane; esters such as ethyl acetate, n-butyl 
acetate, and i-amyl acetate; aromatic hydrocarbons such as toluene and xylene; phenol, acetonylacetone, dimethyl- 
formamlde; and the like can be given. 

[0291] These organic solvents may be used either individually or in combination of two or more. 
15 [0292] The amount of the organic solvents Is preferably 1 00 vol% of the alkaline aqueous solution. If the amount of 
the organic solvents exceeds 100 vol%, an exposed area may remain undeveloped due to decreased developability. 
[0293] In addition , surfactants or the like may be added to the developer containing the alkaline aqueous solution In 
an appropriate amount. 

[0294] The resist film is generally washed with water after development using a developer containing an alkaline 
20 aqueous solution. 

EXAI^PLES 

[0295] The present invention will be described in more detail by examples, which should not be construed as limiting 
25 the present invention. 

[0296] In the examples, part(s) refers to part (s) by weight unless otherwise indicated. Measurement and evaluation 
were carried out as follows. 

Mw : 

30 

[0297] Mw was measured by gel permeation chromatography (GPC) using GPC columns (manufactured by Tosoh 
Corp., G2000HXL x 2, G3000HXL x 1 , G4000HXL x 1 ) under the following conditions. 

Flow rate: 1 .0 ml/hriinute 
35 Eluate: tetrahydrofuran 

Column temperature: 40**C 

Standard reference material: monodispersed polystyrene 
Radiation transmittance: 

40 

[0298] A solution with a solid content of 5 wt%, prepared by dissolving a polysiloxane in 2-heptanibe, was applied 
onto a magnesium fluoride substrate by spin coating. The coated material was heated on a hot plate at 1 40^C for 90 
seconds to form a film with a thickness of 1 00 nm. The radiation transmittance of the film, cateulated from absorbance 
of ilght with a wavelength of 157 nm and 1 93 nm, was used as a standard of trarisparency in the deep ultraviolet region. 

45 

Synthesis Example 1 
(Synthesis silane compound (6)) 

50 [0299] A three-necked flask equipped with a stirrer, a reflux condenser, and a thermometer was charged with 73.9 
g of trimethoxysilane and 77.5 g of t-butyl acrylate. The mixture was stinted at room temperature and 0.1 ml of a 0.1 
mol chloropiatinic acid (H2PtCl6) solution in isopropyl alcohol was added to initiate the reaction. After initiation of the 
reaction, the temperature increased as high as 60**C, then retumed to room temperature. The mixture was stirred for 
three days at room temperature. After confirming that all raw materials substantially reacted, the reaction solution was 

55 filteredjh rough cejite by suctjon and the solvent was evaporated under vacuum to obtain an oijy reaction product. 
[0300] iflSshown by the foNowing results of the measurement of NMR spectrum (chemicaTshifra) and I R spectrum, 
the reaction product was Identified to be 2-t-butoxycarbonyiethyltrimethoxysilane. 
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o : 3.6 ppm (methoxy group) . 2.4-2.0 ppm (a-methylena group) . 1 .4 ppm (t-buty. group), 1 .3-0.9 ppm (P^ethylene 
,R: 1^7 L-i (methoxy group). 1730 cm- (ester group). 1153 cm-i (si.oxane group). 1095 cm-i (siloxane group) 
5 Comparative Example 1 

(Preparation of comparative polysiloxane) 

Of 2-t-butoxycarbonylethyltnmethoxys.lane prepared in Synt^es^ "^f"?'^ ■ ^ ^ , , ^h^ ,|ask was 

^rzz s^^^srszTm s^". 

The results were as follows, 
o . 2 4-2 0 ppm (a -methylene group). 1 A ppm (t-butyl group) , 1 .3-0.9 ppm (p-methylene group) 
20 IR: 1 730 cm-"* (ester group). 1149 cm"^ (siloxane group) 
Mw: 19,500 

Example 1 
25 (Preparation of polysiloxane (1 )) 

10303, At.ree.nec.edt.as.e.ulppedw,.^^^^^^^^^^^ 

of 2-t-butoxycarbonylethyltrimethoxys.lane P^^P^"^^^ '"f f ^^^^^^^^ and 4.2 g of triethylamine. The mixture 
hexamethyldisiloxane, 75 g of 4-mcthyl-2-pentanone, 4 2 g °' j*^':^";^^ of 11 .1 g of oxalic acid 

30 was reacted for three hours at 62«C while st.rr.ng The flask The rerron rnlxture was poured Into a 

layer After removing ^^'^ .^^'"^"1^^^^^^ Mw of the polysiloxane (1) were measured to conflm, 

[0304] NMR spectrum (chemical shift o) , IR specirum, ana wiw u. k y 

35 the following results. 

o : 2.4-2.0 ppm («-methylene group) . 1 .4 ppm (t-buty. group) . 1 .3-0.9 ppm (P-methylene group), 0.2 ppm (S.CH3 

group) . 
IR: 1 730 cm-i (ester group). 1149 cm-"" (siloxane group) 

40 Mw: 44,700 
Example 2 

(Preparation of polysiloxane (1)) 



45 



50 



10305, Athree-necked,laskec,uippedwitha^^ra« 

of 2-t-butoxycart)onylethyltrimethoxys.lane prepared in Sv^t^es-s Examp e l.J3^7 g y ^ ^^^^^ -^^e 

of hexamethyldisiloxane, 100 g of 4-methyl-2-pentanone, l^f °* J'^^f^^J^^'j; j^^^^ a solution of 1 .7 g of 
mixture was reacted for three hours at 62-C while ^^JJf ^"9. The reaction mixture was 

oxalic acid In 200 ml of ion-exchanged w^er was added ^^^^^^^J^, ^^tl was additionally added to 

NMR spectrum (chemical shift a) . IR spectmm. and Mw of the pohrsiloxane (1) were measured to confinn 



(1) 

[0306, 

the followiRgTesults 



2.4.2.0 ppm (a-methylene group). 1 .4 ppm (t-butyl group) , 1 .3-0.9 ppm (P-methyiene group). 0.2 ppm (SiCH3 
group) 
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5 



IR: 1 730 cm-^ (ester group), 1149 cm"'* (slloxane group) 
Mw: 22.400 

Example 3 

(Synthesis of silicon-containing alicyclic compound (2)) 



[0307] A three-necked flask equipped with a stirrer, a reflux condenser, and a thermometer was charged with 48.5 
g of trimethoxysilane and 77.1 g of 5-t-butoxycarbonylbicyclo[2.2.1]hepto-2-ene. The mixture was stin-ed at room tem- 

10 perature and 1 .0 ml of a 0.1 mot chloroplatlnic acid solution in isopropyl alcohol was added to initiate the reaction. After 
heating at 140*C for 48 hours white refluxing, the reaction mixture was allowed to cool to room temperature, diluted 
with n-hexane. and filtered through celite by suction. The solvent was evaporated by distillation under vacuum to obtain 
a crude product. The crude product was purified by vacuum distillation at 0.2 mmHg and a temperature of 105"C to 
obtain 48 g of the reaction product. 

IS [0308] This reaction product was Identified to be the silicon containing alicyclic compound (2) shown by the formula 
(2-3) by the measurement of ^H-NMR spectrum (chemical shift a H) , ^^C-NMR spectrum (chemical shift o C) , ^^Si- 
NMR spectrum (chemical shift a SI), IR spectrum, and mass spectrum (FABMS), of which the results are shown below. 

o H: 3.6 ppm (methoxy group), 1 .4 ppm (t-butyl group) 

20 <y C: 175 ppm (carbonyl group), 80 ppm (t-butyl group) 

o : 51 ppm (methoxy group), 28 ppm (t-butyl group) o Si: *45 ppm 

I R: 2847 cm-i (methoxy group), 1 730 cm'^ (ester group), 1 1 53 cm-^ (slloxane group), 1 095 cm-"" (slloxane group) 

FABMS: m/z = 317 (M+ + 1) 

25 Example 4 

(Preparation of polysiloxane (1)) 

[0309] A three-necked flask equipped with a stirrer, a reflux condenser, and a thermometer was charged with 7.35 
30 g of the silicon containing alicyclic compound (2) prepared in Example 3, 12.65 g of trim ethoxy methyls i lane, 0.94 g of 
hexamethyldisiloxane, 1 00 g of 4-methyl-2-pentanone, 11 .0 g of distilled water, and 1 4.8 g of triethylamine . The mixture 
was reacted for eight hours at 75*C while stirring. The flask was cooled with ice and a solution of 1 2.9 g of oxalic acid 
in 250 ml of ion-exchanged water was added, followed by continued stirring. The reaction mixture was poured into a 
separating funnel to remove the water layer. 1 00 ml of Ion-exchanged water was additionally added to wash the organic 
35 layer. After removing the water layer, the solvent was evaporated under vacuum to obtain polysiloxane (1 ). 

[0310] NMR spectrum (chemical shift a), IR spectrum, and Mw of the polysiloxane (1 ) were measured to confirm the 
following results. 

o : 1 .4 ppm (t-butyl group), 0.2 ppm (SiCHs group) 
40 IR: 1 730 cm*^ (ester group), 1149 cmr^ (slloxane group) 
Mw: 5,900 

Evaluation Example 1 

45 (Evaluation of radiation transmittance) 

[0311] The radiation transmittance of the polysiloxanes obtained in Comparative Example 1 , Example 2, and Example 
4 at wavelengths of 1 57 nm and 1 93 nm was measured. In addition, the radiation transmittance at wavelengths of 1 57 
nm and 1 93 nm was measured on a comparative polysiloxane consisting of 40 mol% of maleic anhydride, 40 mol% of 
50 5-t-butoxycarbonylbicyclo[2.2.1 ]-hept-2-ene, and 20 mol% of 3-hydroxy-1 -adamantylacrylate, as Comparative Exam- 
ple 2. The evaluation results are shown In Table 1 . 

Table 1 



55 



Polysi|pxane___ 


Radiation transmjttance (%) 


157 nm 


193 nm 


Polysiloxane of Comparative Example 1 


24 


95 
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Table 1 (continued) 



Polysitoxane 


Radiation transmittance (%) 


157 nm 


193 nm 


Polysiloxane (1) of Example 2 


32 


99 


Polysiloxane (1) of Example 4 


31 


97 


Polysiloxane of Comparative Example 2 


16 


90 



1Q [0312] As a result, the polysiloxanes (1 ) of Examples 2 and 4 were confirmed to exhibit greater radiation transmittance 
than the comparative polysiloxane of Comparative Example 1 at both the wavelength 157 nm and wavelength 1 93 nm. 
These polysiloxanes (1) were also confirmed to exhibit remarkably high radiation transmittance at both the wavelength 
1 57 nm and wavelength 1 93 nm as compared with the comparative polysiloxane of Comparative Example 2 which had 
been conventionally used as a chemically amplified resist. 

IS 

Example 5 

(Radiation-sensitive resin composition) 

20 [0313] A solution composition was prepared by homogeneously mixing 1 00 parts of the polysiloxane (1 ) obtained in 
Example 2,1 part of triphenylsulfonium triftuoromethane sulfonate, 0.02 part of tri-n-octylamlne, and 1,088 parts of 
2-heptanone. 

[0314] The solution composition was applied onto a silicon wafer substrate by spin coating and pre-baked for 90 
seconds on a hot plate maintained at a temperature of 1 40**C to fomn a resist film with a thickness of 200 nm. 
25 [0315] The resist film was exposed to an F2 exclmer laser (wavelength: 157 nm) while changing the irradiation dose, 
post-baked for 90 seconds on a hot plate at 120''C, and then developed in a 2.38% aqueous solution of tetramethyl- 
ammonlum hydroxide. 

[0316] As a result, the area on the resist film exposed to radiation at a dose of 70 J/m^ has completely been removed 
by development. Comparative Example 3 

30 

(Comparative Radiation-sensitive resin composition) 

[0317] A solution composition was prepared and a resist film was formed, exposed, and developed in the same 
manner as in Example 5, except for using the comparative polysiloxane of Comparative Example 2 instead of the 
35 polysiloxane (1) obtained in Example 2. 

[0318] As a result, it was found that the area on the resist film exposed to radiation at a dose of 200 J/m^ has not 
completely been removed by development. 

Example 6 

40 

(Synthesis of silicon-containing alicyclic compound (2)) 

[0319] A three-necked flask equipped with a stirrer, a reflux condenser, and a themnometer was charged with 46.5 
g of triethoxysllane and 42 g of 5-t-butoxycarbonylbicyclo[2.2.1]hepto-2-ene. The mixture was stirred at room temper- 

45 ature and 1 .0 ml of a 0.2 mol chloroplatinic acid (H2PtCl6) solution in isopropyl alcohol was added to initiate the reaction. 
The reaction was continued for 24 hours at 140**C while refluxing. The reaction mixture was allowed to cool to room 
temperature, diluted with n-hexane, and filtered through celite by suction. The solvent was evaporated under vacuum 
to obtain a crude product. The crude product was purified by vacuum distillation at 0.4 mmHg and a temperature of 
1 55** C to obtain 54 g of the reaction product. 

so [0320] This reaction product was identified to be the silicon containing alicyclic compound (2) shown by the formula 
(2-6) by the measurement of ^H-NMR spectrum (chemical shift a H), ''^c-NMR spectrum (chemical shift o C) , ^S\- 
NMR spectrum (chemical shift o Si), IR spectrum, and mass spectrum (FABMS), of which the results are shown below. 

o H: 3.8 ppm (ethoxy group), 1 .4 ppm (t-butyl group) 
S5 o C:- - 175 ppm (carbonyl group), 80 ppm (trbutylgroup), 59 ppm (ethoxy group) , 28 ppm (t-butyl group) , 1 9 ppm 
(methyl group). ~ ~ ~ ^ " -- — 

G Si: -48 ppm 

IR: 2879 cm-i (ethoxy group), 1726cm-^ (ester group), 1155 cm-^ (siloxane group). 1080 cm-^ (siloxane group) 
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FABMS: m/z = 359 (M+ + 1 ) 
Example 7 

(Synthesis of silicon-containing alicyclic compound (2)) 

[0321] A three- neci<ecl flasic equipped with a stirrer, a reflux condenser, and a thermometer was charged with 49.0 
g of trimethoxysllane and 73.0 g of 8-t-butoxycarbonyltetracycio [4.4.0.1 2.5. 17.10] . dodeca-3-ene. The mixture was 
stirred at room temperature and 5.0 mi of a 0.2 moi chloroplatlnic acid (H2PtCle) solution in isopropyi alcohol was added 
to initiate the reaction. The reaction was continued for 100 hours at 150*^0 while refluxing. The reaction mixture was 
allowed to cool to room temperature, diluted with n-hexane, and filtered through celite by suction. The solvent was 
evaporated by distillation under vacuum to obtain a crude product. The residue was purified by silica gel column chro- 
matography to obtain 30 g of the compound as an-hexane fraction. This reaction product was identified to be the silicon 
containing alicyclic compound (2) shown by the fomriula (2-39) by the measurement of ''H-NMR spectrum (chemical 
shift a H) , 13C-NIS^R spectrum (chemical shift a C) , 29si-NI\/IR spectrum (chemical shift o Si) , IR spectrum, and mass 
spectrum (FABMS), of which the results are shown below. 

o H: 3.6 ppm (methoxy group), 1 .4 ppm (t-butyl group) 

G C: 175 ppm (carfoonyl group), 80 ppm (t-butyl group), 51 ppm (ethoxy group), 28 ppm (t-butyl group) 

G Si: -45 ppm 

IR: 2847 cm""" (methoxy group), 1 726 cm'^ (ester group), 1 1 53 cm-^ (siloxane group), 1 090 cnri (siloxane group) 

FABMS: m/z = 383 (M+ + 1 ) 

Example 8 

(Synthesis of silicon-containing albyclic compound (2)) 

[0322] A three-necked flask equipped with a stirrer, a reflux condenser, and a themiometer was charged with 76.0 
g of triethoxysilane and 100 g of 8-t-butoxycarbonyltetracyclo[4.4.0.l2.5.i7.i0]_ciodeca-3-ene. The mixture was stirred 
at room temperature and 5.0 ml of a 0. 2 mol chloroplatlnic acid (Hgl^Cy solution in Isopropyi alcohol was added to 
Initiate the reaction. The reaction was continued for 75 hours at 1 50*C while refluxing. The reaction mixture was allowed 
to cool to room temperature, diluted with n-hexane, and filtered through celite by suction. The solvent was evaporated 
by distillation under vacuum to obtain a crude product. The residue was purified by silica gel column chromatography 
to obtain 53 g of the compound as a n-hexane fraction. 

[0323] This reaction product was identified to be the silicon containing alicyclic compound (2) shown by the formula 
(2-42) by the measurement of ""H-NMR spectrum (chemical shift g H) , ^^C-NMR spectrum (chemical shift g C), 29si- 
NMR spectrum (chemical shift g Si), IR spectrum, and mass spectrum (FABMS), of which the results are shown below. 

G H: 3.8 ppm (ethoxy group), 1 .2 ppm (ethoxy group), 1 .4 ppm (t-butyl group) 

G C: 1 75 ppm (carbonyi group), 80 ppm (t-butyl group), 59 ppm (ethoxy group) , 28 ppm (t-butyl group) , 1 9 ppm 

(methyl group) 
G SI: -48 ppm 

IR: 2885 cm~^ (ethoxy group), 1 726 cm'^ (ester group), 11 53 cm*'' (siloxane group), 1 080 cm~i (siloxane group) 
FABMS: m/z = 425 (M+ + 1 ) 

Example 9 

(Synthesis of silicon-containing alicyclic compound (2)) 

[0324] A three-necked flask equipped with a stirrer, a reflux condenser, and a thermometer was charged with 28.6 
g of trimethylysitane and 50.0 g of 5-t-butoxycarbonylbicyclo[2.2.1]-hepto-2-ene. The mixture was stirred at room tem- 
perature and 1 .0 ml of a 0.1 mol chloroplatlnic acid (H2PtCle) solution in isopropyi alcohol was added to initiate the 
reaction. The reaction was continued for 48 hours at 140^C while refluxing. reaction mixture was allowed to cool to 
room temperature, diluted with n-hexane, and filtered through celite by suction. The solvent was evaporated by distil- 
lation under vacuum to obtain a crude product. The crude productwas purifjed by vacuum distiliati£n at^.2 nimHg and 
a temperature of 1 0S^'C to obtain 42 g of the silicon containing alicyclic compound (2) having a methyl group for Ri, a 
hydrogen atom for R, m=3, and n=0 in the formula (2- A). 
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Example 1 0 

(Synthesis of silicon-containing alicyclic compound (2)) 

5 [0325] A three-necked flask equipped with a stirrer, a reflux condenser, and a themiometer was charged with 53.2 
g of trichlorosilane and 50.0 g of 5-t-butoxycarbonylblcyclo[2.2.1lhepto-2-ene. The mixture was stirred at room tem- 
perature and 1.0 ml of a 0.1 mol chloroplatinic acid (H2PtCle) solution in isopropyl alcohol was added to initiate the 
reaction. The reaction was continued for 48 hours at 140^*0 while refiuxing. The reaction mixture was allowed to cool 
to room temperature, diluted with n-hexane, and filtered through celite by suction. The solvent was evaporated by 

10 distillation under vacuum to obtain a crude product. The crude product was purified by vacuum distillation at 0.2 mmHg 
and a temperature of QS^C to obtain 62 g of the silicon containing alicyclic compound (2) of the fomiula (2-12). 

Example 1 1 

IS (Synthesis of silicon-containing alicyclic compound (2)) 

[0326] A three-necked flask equipped with a stinrer, a reflux condenser, and a thermometer was charged with 51 .8 
g of methyldiethoxysilane and 50.0 g of 5-t-butoxycarbonylbicyclo[2.2.1]hepto-2-ene. The mixture was stirred at room 
temperature and 1 .0 ml of a 0.1 mol chloroplatinic acid (HgPtCy solution in isopropyl alcohol was added to initiate the 
20 reaction. The reaction was continued for 48 hours at 140**C while refiuxing. The reaction mixture was allowed to cool 
to room temperature, diluted with n-hexane, and filtered through celite by suction. The solvent was evaporated by 
distillation under vacuum to obtain a crude product. The crude product was purified by vacuum distillation at 0.2 mmHg 
and a temperature of 112**C to obtain 60 g of the silicon containing alicyclic compound (2) of the fomiula (2-5). 

Example 12 

(Synthesis of silicon-containing alicyclic compound (2)) 

[0327] A three-necked flask equipped with a stirrer, a reflux condenser, and a thenmometer was charged with 17.1 
30 g of trimethylsilane and 40 g of B-t-butoxycartDonyltetracyc!o[4.4.0.1 2.5.1 ^.lOjdodeca-S-ene. The mixture was stirred at 
room temperature and 5.0 ml of a 0.2 mol chloroplatinic acid (H2PtCl6) solution in isopropyl alcohol was added to initiate 
the reaction. The reaction was continued for 100 hours at 150**C while refiuxing. The reaction mixture was allowed to 
cool to room temperature, diluted with n-hexane, and filtered through celite by suction. The solvent was evaporated 
by distillation under vacuum to obtain a crude product. The residue was purified by silica gel column chromatography 
35 to obtain 23 g of the silicon containing alicyclic compound (2) having a methi group for a hydrogen atom for R, 
m=3, and n=1 of the formula (2-A) as a n-hexane fraction. 

Example 13 

40 (Synthesis of silicon-containing a1k:ycllc compound (2)) 

[0328] A three-necked flask equipped with a stirrer, a reflux condenser, and a thermometer was charged with 31 .3 
g of trichlorosilane and 40 g of 8-t-butoxycarbonyltetracyclo[4.4.0.l2.5 -jT.iO]. dodeca-3-ene. The mixture was stirred 
at room temperature and 5.0 ml of a 0.2 mol chloroplatinic acid (IHsPtCle) solution in isopropyl alcohol was added to 
45 initiate the reaction. The reaction was continued for 100 hours at 150**C while refiuxing. The reaction mixture was 
allowed to cool to room temperature, diluted with n-hexane, and filtered through celite by suction. The solvent was 
evaporated by distillation under vacuum to obtain a cmde product. The residue was purified by silica gel column chro- 
matography to obtain 37 g of the silicon containing alicyclic compound (2) of the formula (2-48) as a n-hexane fraction. 

so Example 14 

(Synthesis of silicon-containing alicyclic compound (2)) 

_[0329] _ A three-necked flask equipped with a stirrer, a reflux condenser, and a thermometer was charged with 30.9 
55 g of methyldietlioxysiiane and 40 g of 8-t-butoxycarbonyltetracyclo[4.4.0.l2'5.1^''*^ - dodeca-3-ene. The mixture was 
stirred at room temperature and 5.0 ml of a 0.2 mol chloroplatinic acid (H2PtCl6) solution in isopropyl alcohol was added 
to initiate the reaction. The reaction was continued for 100 hours at 150^C while refiuxing. The reaction mixture was 
allowed to cool to room temperature, diluted with n-hexane, and filtered through celite by suction. The solvent was 
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evaporated by distillation under vacuum to obtain a crude product. The residue was purified by silica gel coiumn chro- 
matography to obtain 24 g of the silicon containing ailcyclic compound (2) of the fomiula (2-41 ) as a n-hexane fraction. 

Example 15 

5 

(Synthesis of silicon-containing alicyciic compound (2)) 

[0330] A three-necked flask equipped with a stirrer, a reflux condenser, and a thennometer was charged with 12.0 
g of methylhydrocyclosiloxane (containing 3-5 Si atoms per molecule) and 52.0 g of 8-t-butoxycarbonylmethoxycarb- 

10 onyltetracyclo-[4.4.0.1 2.5.1 7.10J dodeca-3-ene. The mixture was stin-ed at room temperature and 5.0 ml of a 0.2 mol 
chloroplatinic acid (HaPtClg) solution In Isopropyl alcohol was added to Initiate the reaction. The reaction was continued 
for 100 hours at 150*C while refluxing. The reaction mixture was allowed to cool to room temperature, diluted with n- 
hexane, and filtered through celite by suction. The solvent was evaporated by distillation under vacuum to obtain 69 
g of the silicon containing alicyciic compound (2) of the above-mentioned fomnula (2-91). 

IS [0331 ] 1 H-NMR spectrum (chemical shift o H) and IR spectrum of the compound were measured. The results were 
as follows. 

a H: 1 .4 ppm (t-butyl group), 0.2 ppm (SiCHs group) 
IR: 1730 cm-^ (ester group), 1150 cm""* (siloxane group) 

20 

Example 1 6 

(Synthesis of silicon-containing alicyciic compound (2)) 

25 [0332] A three-necked flask equipped with a stirrer, a reflux condenser, and a thenmometer was charged with 3.0 g 
of the compound shown by the above fonnula (2-41) prepared in Synthesis Example 15, 9 g of 4-methy!-2-pentanone, 
and 0.56 g of 1 .75 wt% oxalic acid aqueous solution. The mixture was reacted for two hours at 40*C while stirring. The 
reaction was temiinated by cooling the flask with Ice. The reaction mixture was poured into a separating funnel to. 
remove the water layer. The organic layer was washed with ion-exchanged water until the reaction solution becomes 

30 neutral. The solvent was removed from the organic layer by distillation under vacuum to obtain 1 .90 g of the silicon 
containing alicyciic compound (2) of the fonnula (2-91). 

[0333] ^ H-NMR spectrum (chemical shift a H) and IR spectrum of tiie compound were measured and confimied to 
be Identical to those of the compound of Example 1 6. 

35 Example 17 

(Preparation of polysiloxane (3)) 

[0334] A three-necked flask equipped with a stirrer, a reflux condenser, and a thennometer was charged with 1 2.47 
40 g of the silicon containing alicyciic compound (2) of the above fonnula (2-2), 12.53 g of methyltrimethoxysilane, 1 .07 

g of hexamethyldisiloxane (molecular weight adjusting agent), 75 g of 4-methyl-2-pentanone, 14.92 g of distilled water, 

and 20.93 g of triethylamine. The mixture was reacted for eight hours at 75**C while stlnring. The flask was cooled with 

Ice and a solution of 1 8.2 g of oxalic acid in 500 ml of ion-exchanged water was added, followed by continued stin-ing. 

The reaction mixture was poured into a separating funnel to remove the water layer. 100 ml of Ion-exchanged water 
45 was additionally added to wash the organic layer. The solvent was evaporated under vacuum to obtain polysiloxane (3). 

[0335] 1 H-NMR spectrum (chemical shift o H), IR spectnjm, and Mw of the polysiloxane (3) were measured. The 

results were as follows. 

o H: 1 .4 ppm (t-butyl group), 0.2 ppm (SiCHa group) 
50 IR: 1730 cm'i (ester group), 1149 crn'i (siloxane group) 
Mw: 6,400 

Comparative Example 4 

55 (Preparation of comparative polysiloxane) - - = - =.. _ _ _ 

[0336] A three-necked flask equipped with a stirrer, a retiux condenser, and a thermometer was charged with 9.7 g 
of 2-t-butoxycarbonyiethyltrimethoxysilane, 5.3 g of methyltrimethoxysilane, 1 .3 g of hexamethyldisiloxane (molecular 
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weight adjusting aagent), 75 g of 4-methyl-2-pentanone, 4.2 g of distilied water, and 4.2 g of trietliylanfiine. The mixture 
was reacted for three hours at 62*C white stirring. The i\ask was cooled with ice and a solution of 11 .1 g of oxalic acid 
in 200 ml of ion-exchanged water was added, followed by continued stirring. The reaction mixture was poured into a 
separating funnel to remove the water layer. 100 ml of ion-exchanged water was additionally added to wash the organic 
5 layer. The solvent was evaporated under vacuum to obtain a comparative polysiloxane. 

[0337] 1 H-NMR spectrum (chemical shift a H), IR spectrum, and Mw of the comparative polysiloxane were measured. 
The results were as follows. 

a H: 2.4-2.0 ppm (a-methytene group), 1 .3-0.9 ppm ( p - methylene group) , 1 .4 ppm (t-butyl group) , 0.2 ppm (SiCHs 
10 group) 

IR: 1 730 cm-'* (ester group), 1149 cm-'* (siloxane group) 
Mw: 44,700 

Evaluation Example 2 



(Evaluation of glass transition temperature) 

[0338] Glass transition temperature of the polysiloxane obtained in Example 1 7 and the polysiloxane obtained Com- 
parative Example 4 was measured to confirm the glass transition temperature of the later polysiloxane was less than 
20 2S**C, whereas the fomner polysiloxane had a glass transition temperature of 97"C, which is sufficiently high as a resist 
component. 

Evaluation Example 3 

2s (Evaluation of radiation transmittance) 

[0339] Radiation transmittance of coating films (thickness: 100 nm) formed from the polysiloxanes obtained in Ex- 
ample 1 7 and Comparative Example 4 was measured using radiation of a wavelength of 1 57 nm to confirm the radiation 
transmittance of the coating film prepared from the polysiloxane (3) of Example 17 was 31%, whereas that of the 

30 coating film prepared from the comparative polysiloxane of Comparative Example 4 was 32%. 

[0340] Conventionally, the radiation transmittance at a wavelength of 157 nm has been thought to decrease as the 
proportion of hydrocarbon structures in a polysiloxane increases. The results of the measurement, however, indicated 
that notwithstanding a comparatively large proportion of hydrocarbon structures the polysiloxane (3) exhibited almost 
the same radiation transmittance at a wavelength of 157 nm as that of the comparative polysiloxane of Comparative 

35 Example 4, confirming that the hydrocarbon structures did not result In the decrease of transmittance. 

Example 1 8 

(Radiation-sensitive resin composition) 

40 

[0341] A solution composition was prepared by homogeneously mixing 1 00 parts of the polysiloxane (3) obtained in 
Example 18, 1 part of triphenylphosphonium trifluoromethane sulfonate. 0.02 part of tri-n-octylamlne, and 900 parts of 
2-heptanone. 

[0342] The solution composition was applied onto a silicon wafer substrate by spin coating and pre-baked for 90 
45 seconds at 1 40*C to form a resist film with a thickness of 200 nm. 

[0343] The resist film was exposed to an F2 excimer laser (wavelength: 157 nm) through a photo-mask, post-baked 
for 90 seconds on a hot plate at 120"C, and then developed in a 2.38 wt% aqueous solution of tetramethylammonium 
hydroxide. 

[0344] As a result, a fine resist pattem confuguration with a line width of 0.5 p.m was obtained. 

50 

Example 1 9 

(Preparation of polysiloxane (1)) 

55 [0345] ^A three^necked flask.equipped with a stirrer, a reflux condenser, and a thermometer was charged wlthj4.99 
g of the silicon containing alicyclic compound (2) of the above fomiula (2-3), 5.01 g of trimethoxymethylsilane, 0.43 g 
of hexamethyldisiloxane, 30 g of 4-methyl-2-pentanone, and 2.91 g of a 2.37 wt% aqueous solution of oxalic acid. The 
mixture was reacted for four hours at 80*C while stirring. The reaction was terminated by cooling the flask with ice. 
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The reaction mixture was poured into a separating funnei to remove the water iayer. The organic layer was washed 
with ion-exchanged water until the reaction solution becomes neutral. The solvent was removed from the organic layer 
to obtain the polysiloxane (1). 

[0346] NM R spectrum (chemical shift a). IR spectrum, and Mw of the polysiloxane (1 ) were measured to conf imn the 

5 foltowing results. 

o : 1 .4 ppm (t-butyl group), 0.2 ppm (SiCHg group) 
IR: 1 730 cm'i (ester group), 1150 cm~i (siloxane group) 
Mw: 1 ,700 

10 

[0347] No methoxy group peal< originating from Si-OCHs which may present in the polymer was observed in the 
chemical shift a. 

Example 20 

15 

(Preparation of polysiloxane (1 )) 

[0348] A three-necked flask equipped with a stirrer, a reflux condenser, and a themfiometer was charged with 4.99 
g of the silicon containing alicyclic compound (2) of the above fomnula (2-3), 5.01 g of trimethoxymethylsilane, 0.43 g 

20 of hexamethyldisiloxane, 30 g of 4-methyl-2-pentanone, and 2.91 g a 2.37 wt% aqueous solution of oxalic acid. The 
mixture was reacted for four hours at 80*C while stirring. The reaction was terminated by cooling the flask with ice. 
The reaction mixture was poured into a separating funnel to remove the water layer. The organic layer was washed 
with ion-exchanged water until the reaction solution becomes neutral. The solvent was removed from the organic layer 
to obtain 6.7 g of a polymer having Mw of 1 ,700. 

25 [0349] The polymer was dissolved in 30 g of 4-methyl-2-pentanone. After the addition of 5.7 g of distilled water and 
8.0 g of trtethylamine, the mixture was heated to 40*C in a nitrogen stream. After two hours, the mixture was cooled 
with ice and stirred, then a solution of 3.5 g of oxalic acid in 150 g of distilled water was added, and stirring was 
continued. The reaction mixture was poured into a separating funnel to remove the water layer. The organic layer was 
washed with ion-exchanged water until the reaction solution becomes neutral. The solvent was removed from the 

30 organic layer to obtain the polysiloxane (1 ). 

[0350] NM R spectrum (chemical shift a), IR spectrum, and Mw of the polysiloxane (1 ) were measured to confimn the 
following results. 

o: 1 .4 ppm (t-butyl group), 0.2 ppm (SICH3 group) 
35 IR: 1 730 cm-"* (ester group), 1160 cm-"" (siloxane group) 
Mw: 2,700 

[0351] No methoxy group peak originating from Si-OCH3 which may present in the polymer was observed in the 
chemical shift o. 

40 

Comparative Example 5 

(Preparation of comparative polysiloxane) 

45 [0352] A three-necked flask equipped with a stirrer, a reflux condenser, and a thermometer was charged with 4.99 
g of the silicon containing alicyclic compound (2) of the above fomnula (2-3), 5.01 g of trimethoxymethylsilane, 0.43 g 
of hexamethyldisiloxane, 30 g of 4-methyl-2-pentanone, and 5.97 g of distilled water, and 8.37 g of triethylamine. The 
mixture was reacted for four hours at 80^C while stirring. The flask was cooled with ice and a solution of 7.31 g of 
oxalte acid in 250 ml of ion-exchanged water was added, followed by continued stirring. The reaction mixture was 

50 poured into a separating funnel to remove the water layer. 1 00 ml of ion-exchanged water was further added to wash 
the organic layer, then the water layer was removed. The solvent was removed from the organic layer to obtain a 
polymer. NMR spectrum (chemical shift c), IR spectrum, and Mw of the polymer were measured. The results were as 
follows. 

55 a: 376 pprn (methoxy group), 1.4 ppm (t-butyr group), 0.2 ppm _ _ __ = ._ _ _ .__ 

IR: 1 730 cm-^ (ester group), 1149 cm""* (siloxane group) 
Mw: 4,900 
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[0353] The 3.6 ppm peak of o is due to the methoxy group originating from Si-OCIHs remaining in the polymer. 

Example 21 

(Radiation-sensitive resin composition) 

[0354] A solution composition was prepared by homogeneously mixing 100 parts of the polysiioxane obtained in 
Example 1 9, Example 20, or Comparative Example 5, 1 part of triphenylphosphonium nonaf luoro-n-butenesulfonate, 
0.02 part of tri-n-octylamine, and 900 parts of 2-heptanone. 

[0355] The solution composition was applied onto a silicon wafer substrate by spin coating and pre-baked for 90 
seconds at 130^C to fomn a resist film with a thickness of 100 nm. 

[0356] The resist film was exposed to a KrF excimer laser (wavelength: 248 nm) while changing the irradiation dose, 
post-baked for 90 seconds on a hot plate at 1 00**C, and then developed in a 2.38 wt% aqueous solution of tetrameth- 
ylammonium hydroxide. 

[0357] Observation of the exposed area on the substrate by a scanning-type electron microscope confinned that the 
limit resolution was 0.30 nm when the comparative polysiioxane of Comparative Example 5 was used, whereas the 
limit resolution was respectively 0.24 nm and 0.22 nm when the polysiioxanes (1 ) obtained in Example 1 9 and Example 
20 was used. 

[0358] In addition, the pattern shape obtained by using the polysiioxane (1 ) obtained in Example 19 or Example 20 
exhibited more excellent rectangular configuration than that obtained using the comparative polysiioxane of Compar- 
ative Example 5. 

Evaluation Example 4 

(Evaluation of radiation transmittance) 

[0359] The radiation transmittance of coating films with a thickness of 100 nm prepared from the polysiioxane of 
Example 20 or Comparative Example 5 at wavelengths of 157 nm and 193 nm was measured. The results are shown 
in Table 2. 

Table 2 



Polysiioxane 


Radiation transmittance (%) 


157 nm 


193 nm 


Polysiioxane (1) of Example 20 
Polysiioxane of Comparative Example 5 


38 
31 


96 
96 



40 



45 



50 



55 



[0360] The results in the above table shows that the polysiioxane (1) polycondensed under acid conditions and the 
comparative polysiioxane polycondensed under basic conditions exhibited no substantial difference in the radiation 
transmittance at a wavelength of 1 93 nm, whereas the former polysiioxane exhibited higher radiation transmittance at 
a wavelength of 157 than the latter polysiioxane. This indicates that the polysiioxane (1) polycondensed under acid 
conditions will be a more desirable material for microfabrication using radiation with a short wavelength. 

Example 22 

(Preparation of polysiioxane (1)) 

[0361] A three-necked flask equipped with a stirrer, a reflux condenser, and a themnometer was charged with 3.84 
g of the silicon containing alicyclic compound (2) of the above formula (2-42), 7.93 g of the silicon containing alicyclic 
compound (4) of the above fomriula (4-6) (wherein Rf is a trifluoromethyl group), 3.22 g of methylethoxysilane, 10.5 g 
of 4-methyi-2-pentanone, and 3.32 g of a 1 .75 wt% aqueous solution of oxalic acid. The mixture was reacted for six 
hours at 80*C while stirring. The reaction was terminated by cooling the flask with ice. The reaction mixture was poured 
into a separating funnel to remove the water layer. The organic layer was washed with ion-exchanged water until the 
reaction solution becomes neutral: The solvent was removed from the organic layer to obtain the polysiioxane (1).^ . 
[0362] NMR spectrum (chemical shift a), IR spectrum, and Mw of the polysiioxane (1 ) were measured to confirm the 
following results. 
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a 2 3 ppm (-CH2C(CF3)2 group). 1 .4 ppm (Wjutyl group), 0.2 ppm (SiCHj group) 
IR: 1700 cm ' (ester group). 1213 cm-' (C-F bond). 1151 cm-i (siloxane group) 
Mw: 2,100 

Example 23 

(Preparation of polysiloxane (1)) 

103631 A three-necked flask equipped with a stirrer, a reflux condenser, and a themnometer was charged with 3.84 
n Se s^iSn conSng alfcycJc compound (2) of the above fonr^ula (2-42), 7.93 g of the silicon containing ajcycl« 
?oriund M) of the above fom,ula (4-6) (wherein Rf is a trifluoromethyl group). 3.22 g of methylethoxys.lane 15 gof 
?me*jr-lpentanone. and 3.32 g of a 1 .75 wf/. aqueous solution of oxalic acid. The mixture was reacted for two 
IouS80«cXsti^lng.Thereactionwastem,inatedbycooringtheflaskwit^ 

So a separati^ Snnel to remove the water layer. The organic layer was washed with ion-exchanged water until the 
re^Ln Son be^Ls neutral.^ 

[03Ml' "The povmer was dissolved In 23 g of 4-methyl-2-pentanone. After the addition of 4.9 g of distilled water and 
6 9 a of tSlamTne the mixture was heated to 40-C In a nitrogen stream. After two hours, the mixture was cooled 
wfth iS and smZ hen a solution of 5.7 g of oxalic acid in 200 g of distilled water was added, and stirnng was 
^Ze^^e":^Tm^ure was poured into a separating funnel to remove the water layer. The o^an« Jav^r was 
w^hi with ion-exchanged water until the reaction solution becomes neutral. The solvent was removed from the 

following results. 

o 2 3 ppm (-CH2C(CF3)2 group) . 1 .4 ppm (t-butyl group), 0.2 ppm (SICHg group) 
IR: 1700 cm-' (ester group). 1213 cm-' (C-F bond). 1151 cm-' (siloxane group) 
Mw: 2.600 

30 Comparative Example 6 

(Preparation of comparative polysiloxane) 

r03661 A three-necked flask equipped with a stirrer, a reflux condenser, and a themiometer was charged with 3.84 
a of tl s^i^n SonteSng allcycHc compound (2) of the above fomiula (2-42). 7.93 g of the silicon containing a cyclic 
Lm?ou ; W oTrZe foLla (4-6) (wherein Rf is a tr^luoromethy, gmup). 3.22 g of -thyjethoxys.^^^^^^^^^ o 
rmrthvl-2-Dentanone 4 9 g of distilled water, and 6.9 g of triethylamlne. The mixture was reacted for ten hours at 
80^ While s^rnTg Aner cooling the mixture with k:e, a solution of 5.7 g of oxalic acid in 200 g of distilled water w^ 
added tol^wed by continued s«rrlng. The reaction mixture was poured into a separating funnel to '■^'jve the 

wflQ rpmoved from the orqanic layer to obtain a comparative polymer. 
r036rNMR~pec?um( 
results were as follows. 

45 o • 3.6 ppm (methoxy group), 2.3 ppm i^H^dCP^^ group) . 1 .4 ppm (t-butyl group). 0.2 ppm (SiCHa group) IR: 
1700 cm-i (ester group). 1213 cm-' (C-F bond). 1151 cm-' (sltoxane group) 
Mw: 3,900 

[0368] The 3.6 ppm peak of o Is due to the methoxy group originating from Si-OCHg remaining In the polymer. 

Evaluation Example 5 

(Evaluation of glass transition temperature) 

=[0369]=The glass transition temperature of-the polysiloxanes^obtmnedin^ 

Sr'ra"re"r*e'comparative polysiloxane obtained In Comparative Example 6 w« four,d to have « g^s 
tSLfempeSl of 92-c' wherei the polysiloxanes (1) obtained In Example 22 and Example 23 was found to 
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have a glass transition temperature respectively of 1 1 1 **C or 1 22**C, conf imning that the polyslloxanes (1 ) prepared by 
polycondensation under acidic conditions have a higher glass transition temperature than the comparative polysiloxane 
prepared by polycondensation under basic conditions. 

[0371 1 As dear from the glass transition temperature of the polyslloxanes (1 ) obtained in Example 22 and Example 
5 23, polyslloxanes synthesized by polycondensation under acidic conditions followed by basic conditions have been 
confimied to have a glass transition temperature higher than polyslloxanes synthesized by polycondensation only 
under acidic conditions. This indicates that, the glass transition temperature of polysiloxane (1) can be increased by 
increasing the degrees of polymerization and crosslinking by polycondensation of a raw material compound under 
acidic conditions, followed by basic conditions. Thus, the glass transition temperature of polysiloxane (1) can be con- 
to trolled by selection of polymerization conditions. Increasing the glass transition temperature of a resin component used 
in a radiation-sensitive resin composition Is an important factor In fonning fine resist patterns by a lithographic process. 
In this respect, the capability of controlling the glass transition temperature of the polysiloxane (1 ) is afeature supporting 
the usefulness of the present invention. 

IS Example 24 

(Preparation of polysiloxane (1)) 

[0372] A three-necked flask equipped with a stirrer, a reflux condenser, and a themriometer was charged with 3.83 
20 g of the silicon containing alicyclic compound (4) of the above fomriula (4-6) (wherein Rf is a trifluoromethyl group), 

1 .17 g of the silicon containing alicyclic compound (4) of the above fomiula (4-6) (wherein Rf is a trifluoromethyl group) 
by replacing the hydrogen atom of the hydroxy I group by a t-butoxycarbonyl group, 2.5 g of 4-methyl-2-pentanone, 
and 0.80 g of a 1 .75 wt% aqueous solution of oxalic acid. The mixture was reacted for ten hours at 40**C while stirring. 
The reaction was terminated by cooling the flask with ice. The reaction mixture was poured into a separating funnel to 

25 remove the water layer. The organic layer was washed with ion-exchanged water until the reaction solution becomes 
neutral. The solvent was removed from the organic layer to obtain the polysiloxane (1). 

[0373] NMR spectrum (chemical shift a), IR spectrum, and Mw of the polysiloxane (1) were measured to confinn the 
following results. 

30 a : 2.3 ppm (-CH2C(CF3)2 group), 1 .5 ppm (t-butyl group) 

IR: 1775 cm- (ester group), 1219 cm-'' (OF bond), 1131 cm"'' (si loxane group) 

Mw: 1 ,700 

Mw/Mn: 1.1 

35 Example 25 

(Preparation of polysiloxane (1)) 

[0374] The polymer obtained in Example 24 was dissolved in 10.8 g of 4-methyl-2-pentanone. After the addition of 
40 1 .18 g of distilled water and 1 .65 g of triethylamine, the mixture was heated to 40^*0 in a nitrogen stream. After five 

hours, themixture was cooled with ice and stirred, then a solution of 1 .38 g of oxalic acid in 50 g of distilled water was 

added, and stining was continued. The reaction mixture was poured Into a separating funnel to remove the water layer. 

The organic layer was washed with Ion-exchanged water until the reaction solution becomes neutral. The solvent was 

removed from the organic layer to obtain the polysiloxane (1). 
45 [0375] NM R spectrum (chemical shift a), IR spectrum, and Mw of the polysiloxane (1 ) were measured to confirm the 

following results. 

a : 2.3 ppm (-CH2C(CF3)2 group), 1 .5 ppm (t-butyl group) 

IR: 1775 cm*'' (carbonic acid ester group) , 1220 cm*^ (C-F bond), 1133 cm'"' (siloxane group) 

so Mw: 2,400 
Mw/Mn: 1.1 

Example 26 

55 - (Preparation of polysiloxane (1)) - = _ _ _ _ _ _ _ _ _ 

[0376] The polymer obtained in Example 24 was dissolved in 10.8 g of 4-methyl-2-pentanone. After the addition of 

1 .18 g of distilled water and 1 .65 g of triethylamine, the mixture was heated to 60®C in a nitrogen stream. After five 
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hours, the mixture was cooled with ice and stirred, then a solution of 1 .38 g of oxalic acid in 50 g of distilled water was 
added, and stlning was continued. The reaction mixture was poured into a separating funnel to remove the water layer. 
The organic layer was washed with ion-exchanged water until the reaction solution becomes neutral. The solvent was 
removed from the organic layer to obtain the polysiloxane (1). 

[0377] NM R spectrum (chemical shift a) JR spectrum, and Mw of the polysiloxane (1 ) were measured to confirm the 
following results. 



G : 2.3 ppm (-CH2C(CF3)2 group), 1 .5 ppm (t-butyl group) 

IR: 1775 cm-"* (carbonic acid ester group), 1221 cm*'' (C-F bond), 1133 cm*^ (siloxane group) 

10 Mw: 2,700 

Mw/l\/ln: 1.1 



Example 27 

15 (Preparation of polysiloxane (1 )) 

[0378] The polymer obtained in Example 24 was dissolved In 10.8 g of 4-methyl-2-pentanone, After the addition of 
1 .18 g of distilled water and 1.65 g of triethylamine, the mixture was heated to 80®C in a nitrogen stream. After five 
hours, the mixture was cooled with ice and stirred, then a solution of 1 .38 g of oxalic acid in 50 g of distilled water was 
20 added, and stimng was continued. The reaction mixture was poured Into a separating funnel to remove the water layer. 
The organic layer was washed with ion-exchanged water until the reaction solution becomes neutral. The solvent was 
removed from the organic layer to obtain the polysiloxane (1). 

[0379] NMR spectrum (chemical shift (a), IR spectrum, and iVIw of the polysiloxane (1) were measured to confimi 
the following results. 

25 

G : 2.3 ppm (-CH2C(CF3)2 group), 1 .5 ppm (t-butyl group) 

IR: 1775 cm-"" (carbonic acid ester group) , 1220 cm-^ (C-F bond) . 1129 cm-*" (siloxane group) 

Mw: 3.500 
Mw/Mn: 1.2 

30 

Example 28 

(Preparation of polysiloxane (1)) 

35 [0380] A three-necked flask equipped with a stirrer, a reflux condenser, and a thennometer was charged with 1 .90 
g of the silicon containing alicyclic compound (2) of the above formula (2-42), 6.89 g of the silicon containing alicycllc 
compound (4) of the above formula (4-6) (wherein Rf is atrifluoromethyl group), 1 .21 g of the silicon containing alicyclic 
compound (4) of the above formula (4-6) (wherein Rf is a trifluoromethyl group) by replacing the hydrogen atom of the 
hydroxyl group by a t-butoxycarbonyl group, 1 0 g of 4-methyl-2-pentanone, and 1 .65 g of a 1 .75 wt% aqueous solution 

40 of oxalic acid. The mixture was reacted for ten hours at 40*C while stirring. The reaction was terminated by cooling 
the flask with ice. The reaction mixture was poured into a separating funnel to remove the water layer. The organic 
layer was washed with ion-exchanged water until the reaction solution becomes neutral. The solvent was removed 
from the organic layer to obtain the polysiloxane (1). 

[0381] NIVIR spectrum (chemical shift a), IR spectrum, and Mw of the polysiloxane (1 ) were measured to confinn the 
45 following results. 



a : 2.3 ppm (-CHgC (CF3)2 group), 1 .4 ppm (t-butyl group), 1 .5 ppm (t-butoxycarbonyl group) 

IR: 1 775 cm-^ (carbonic acid ester group), 1 726 cm-"^ (ester group), 1221 cm-"" (C-F bond), 1131 cm-i (siloxane 

group) 

50 Mw: 2,300 



Mw/Mn: 1.1 

Example 29 

55 (Preparation of polysiloxane (1)) " - - - - -- - - - - . . ._ 



[0382] A three-necked flask equipped with a stirrer, a reflux condenser, and a themnometer was charged with 1 .86 
g of the silicon containing alicyclic compound (2) of the above fomnula (2-42), 5.77 g of the silicon containing alicyclic 
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10 



compound (4) ot me .bo™ lomiula («) " * t^TIZS ,„d 1 81 g of . 1 75 wK aqueou. solulk." 

cooled with ice and stirred, then a soiution of f f/ 9 the water layer. The oiganic layer was 

rrdtirorc^xrarsre^^^^^^^^^^^ 

following results. 

a- 2 3 ppm (-CH2C(CF3)2 9™"?). 1 PP^" (t-b^ty' 9™"P' ' ^ P^'" 

?7SCronraclstergroup). 1726cm-^ (ester group), 1220 cm-^ (C-Fbond), 1131 cm-i (siloxane 



IR: 

20 group) 

Mw: 2,300 

Mw/Mn: 1-1 



25 



Example 30 

(Preparation of polysiloxane (1)) 



30 



35 



40 



eoass, Athree-necKedfias.e,uippedwlthasti^^^^^^^^^ 

g of the silicon containing alicyclic compound (2) "I/^^^^^J";^^'™^^ 2 43 gofthe silicon containing alicyclic 

impound (4) of the above formula (4-6) (wherem J^^^'^hX^ J^^^^^ replacing the hydrogen atom of the 
compound (4) of the above f omiula (4-6) («here,n Rf ^ „ g of a 1 75 wt% aqueous solution 

hydroxyl group by a t-'>"t°'Vcarbony group, 7 g of 4-mJhy^-2 PJ^^^ 9 ^^^.^^^^^ ^^^^^ 

of oxalic acid. The mixture was reacted for ten Jours at ^ ^ w^^ M ^ ^^^^^^ ^^t,, ,ayer. The organic 
the flask with ice. The reaction mixture was P'»";ff;f neutral. The solvent was removed 

layer was washed with ion-exchanged water until the '^^I'^^^^^T^^Z^Mn of 1 .1 . 

from the organic layer to obtain 7,5 ^ -^'^^"^^[''^ll^Z^^^ of 1 .63 g of distilled water 

[0386] The polymer was dissolved ,n 16.0 9 °' f-^^J^^Jf ^'i^J^^^^^^^ After five houi^, the mixture was 

and 2.28 g of triethylamine. the "^^[^^^^^^^^^.'"fa^rsT^^^^^ 
oooled with ice and stirred then a soiutton of 1^^^^^^^^^^ 

rrd^rol^Srgfd war^^^^^^^ -omes ne..,. The so.ent was removed from the 

following results. 

a • 2.3 ppm (-CH2C(CF3)2 group). 1 4 ppm (t-butyl group) . 1 .5 ppm 

(t-butoxycarbony! group) ,7oecm ^ (estergroup). I220cm-1 (C-Fbond), 1132cm-i (siloxane 

IR: 1 776 cm-^ (carbonic acid ester group). 1 726 cm jester group;, 

group) 

50 Mw: 2,300 
Mw/Mn: 1.1 

Example 31 
~ ~55 ^ "(PreparSion^f polpiloxarTe (i)) 
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1 .1 4 g of the silicon containing alicycllc compound (4) of the above fonnula (4-6) (wherein Rf is a trtfluoromethyl group) 
by replacing the hydrogen atom of the hydroxy! group by a t-butoxycarbonyl group, 1 .07 g of the silicon containing 
alicycllc compound (4) of the above fomiula (4-42), 5 g of 4-methyl-2-pentanone, and 0.78 g of a 1 .75 wt% aqueous 
solution of oxalic acid. The mixture was reacted for ten hours at 40*C while stirring. The reaction was terminated by 

5 cooling the flask with ice. The reaction mixture was poured into a separating funnel to remove the water layer. The 
organic layer was washed with ion-exchanged water until the reaction solution becomes neutral. The solvent was 
removed from the organic layer to obtain 3.6 g of a polymer having Mw of 1 ,600 and Mw / Mn of 1 .1 . 
[0389] The polymer was dissolved in 11 .4 g of 4-methyl-2-pentanone. After the addition of 1 .15 g of distilled water 
and 1.61 g of triethylamine, the mixture was heated to aO'^C In a nitrogen stream. After five hours, the mixture was 

10 cooled with ice and stirred, then a solution of 1 .34 g of oxalic acid in 50 g of distilled water was added, and stining was 
continued. The reaction mixture was poured Into a separating funnel to remove the water layer. The organic layer was 
washed with ion-exchanged water until the reaction solution becomes neutral. The solvent was removed from the 
organic layer to obtain the polysiloxane (1). 

[0390] NMR spectrum (chemical shift a), IR spectrum, and Mw of the polysiloxane (1) were measured to confirm the 
15 following results. 

G : 2.3 ppm (-CIH2C(CF3)2 group), 1 .5 ppm (t-butoxycarbonyl group) 

IR: 1775 cm-1 (carbonic acid ester group) , 1221 cm''< (C-F bond) ,1130 cm'^ (siloxane group) 

Mw: 2,500 

20 Mw/Mn: 1.1 

Example 32 



(Preparation of polysiloxane (1)) 

25 

[0391] A three-necked flask equipped with a stirrer, a reflux condenser, and a themnometer was charged with 3.1 9 
g of the silicon containing alicycllc compound (4) of the above fonnula (4-6) (wherein Rf is a trifluoromethyi group), 
2.35 g of the silicon containing alicycllc compound (4) of the above fomiula (4-6) (wherein Rf Is a trifluoromethyi group) 
by replacing the hydrogen atom of the hydroxy! group by a t-butoxycarbonyl group, 1.47 g of the silicon containing 

30 alicyclic compound (4) of the above formula (4-42), 7 g of 4-methyl-2-pentanone, and 1 .07 g of a 1 .75 wt% aqueous 
solution of oxalic acid. The mixture was reacted for ten hours at 40**C while stirring. The reaction was temninated by 
cooling the flask with ice. The reaction mixture was poured into a separating funnel to remove the water layer. The 
organic layer was washed with ion-exchanged water until the reaction solution becomes neutral. The solvent was 
removed from the organic layer to obtain 5.3 g of a polymer having Mw of 1 ,500 and Mw / Mn of 1 .1 . 

35 [0392] The polymer was dissolved In 16.1 g of 4-methyl-2-pentanone. After the addition of 1 .57 g of distilled water 
and 2.20 g of triethylamine, the mixture was heated to 60**C in a nitrogen stream. After five hours, the mixture was 
cooled with ice and stirred, then a solution of 1 .83 g of oxalic acid in 50 g of distilled water was added, and stirring was 
continued. The reaction mixture was poured into a separating funnel to remove the water layer. The organic layer was 
washed with ion-exchanged water until the reaction solution becomes neutral. The solvent was removed from the 

40 organic layer to obtain the polysiloxane (1 ). 

[0393] NMR spectrum (chemical shift o ), IR spectrum, and Mw of the polysiloxane (1) were measured to confimi 
the following results. 

a : 2.3 ppm (-CH2C(CF3)2 group), 1 .5 ppm (t-butoxycarbonyl group) 

45 I R; 1 774 cm "* (carbonic acid ester group) , 1220 cm-^ (C-F bond), 1 1 32 cm-^ (siloxane group) 

Mw: 2,500 
Mw/Mn: 1.1 

Example 33 

so 

(Preparation of polysiloxane (1 )) 

[0394] A three-necked flask equipped with a stirrer, a reflux condenser, and a themnometer was charged with 0.45 
g of the silicon containing alicyclic compound (2) of the above fonmula (2-42), 2.33 g of the silicon containing alicyclic 
55 =- compound (4) of the above formula (4-6) (whereirv Rf js a trifluorpmethyl group), 1 .1 5 g of the silicon containing alicyclic 
compound (4) of the above formula (4-6) (wherein Rf is a trifluoromethyi group) by replacing the hydrogen atom of the 
hydroxyl group by a t-butoxycarbonyl group, 1 .07 g of the silicon containing alteyclic compound (4) of the above fonnula 
(4-42), 5 g of 4-methyl-2-pentanone, and 0.78 g of a 1 .75 wt% aqueous solution of oxalic acid. The mixture was reacted 
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for ten hours at 40^C while stirring. The reaction was terminated by cooling the flask with ice. The reaction nnixture 
was poured into a separating funnel to remove the water layer. The organic layer was washed with ion-exchanged 
water until the reaction solution becomes neutral. The solvent was removed from the organic layer to obtain 3.7 g of 
a polymer having IV/lw of 1 ,600 and IVIw / Mn of 1 .1 . 

5 [0395] The polymer was dissolved in 11 .6 g of 4-methyl-2-pentanone. After the addition of 1 .15 g of distilled water 
and 1 .61 g of triethylamine, the mixture was heated to eO'^C in a nitrogen stream. After five hours, the mixture was 
cooled with ice and stirred, then a solution of 1 .34 g of oxalic acid in 50 g of distilled water was added, and stirring was 
continued. The reaction mixture was poured into a separating funnel to remove the water layer. The organic layer was 
washed with ion-exchanged water until the reaction solution becomes neutral. The solvent was removed from the 

10 organic layer to obtain the polysiioxane (1 ). 

[0396] NMR spectrum (chemical shift a), IR spectrum, and Mw of the polysiioxane (1 ) were measured to confirm the 
following results. 

o : 2.3 ppm (-CH2C(CF3)2 group). 1 .4 ppm (t-butyl group), 1 .5 ppm (t-butoxycarbonyl group) 

IS IR: 1776cm-^ (carbonic acid ester group), 1725cm-'' (estergroup), 1220cm-'' (C-Fbond), 1130cm-'' (siloxane 

group) 
Mw: 2.500 
Mw/hAn: 1.1 

20 Example 34 

(Preparation of polysiioxane (1)) 

[0397] A three-necked flask equipped with a stirrer, a reflux condenser, and a thermometer was charged with 0.92 
25 g of the silicon containing alicyclic compound (2) of the above formula (2-42), 2.39 g of the silicon containing alicyclic 
compound (4) of the above fonmula (4-6) (wherein Rf is a trifluoromethyl group), 0.59 g of the silicon containing alicyclic 
compound (4) of the above fomnula (4-6) (wherein Rf is a trifluoromethyl group) by replacing the hydrogen atom of the 
hydroxyl group by at-butoxycarbonyl group, 1 .10 g of the silicon containing alicyclic compound (4) of the above formula 
(4-42), 5 g of 4-methyl-2-pentanone, and 0.80 g of a 1 .75 wt% aqueous solution of oxalic acid. The mixture was reacted 
30 for ten hours at 40**C while stirring. The reaction was terminated by cooling the flask with ice. The reaction mixture 
was poured into a separating funnel to remove the water layer. The organic layer was washed with ion-exchanged 
water until the reaction solution becomes neutral. The solvent was removed from the organic layer to obtain 3.7 g of 
a polymer having Mw of 1 ,500 and Mw / Mn of 1 .1 . 

[0398] The polymer was dissolved in 11 .4 g of 4-methyl-2-pentanone. After the addition of 1 .1 8 g of distilled water 
35 and 1.65 g of triethylamine, the mixture was heated to 60^C in a nitrogen stream. After five hours, the mixture was 
cooled with ice and stirred, then a solution of 1 .37 g of oxalic acid in 50 g of distilled water was added, and stirring was 
continued. The reaction mixture was poured into a separating funnel to remove the water layer. The organic layer was 
washed with ion-exchanged water until the reaction solution becomes neutral. The solvent was removed from the 
organic layer to obtain the polysiioxane (1). 
40 [0399] NMR spectrum (chemical shift o ), IR spectrum, and Mw of the polysiioxane (1) were measured to confirm 
the following results. 

a : 2.3 ppm (-CiHgC (CF3)2 group), 1 .4 ppm (t-butyl group), 1 .5 ppm (t-butoxycarbonyl group) 

IR: 1775cm-'' (carbonic acid ester group), 1726cm-^ (estergroup), 1221 cm*"' (C-Fbond), 1132cm-'' (siloxane 

45 group) 
Mw: 2,400 
Mw/Mn: 1.1 



so 



Example 35 

(Preparation of polysiioxane (1 )) 



[0400] A three-necked flask equipped with a stirrer, a reflux condenser, and a thermometer was charged with 0.91 
g of the silicon containing alicyclic compound (2) of the above formula (2-42), 1 .87 g of the silicon containing alicyclic 
_55 compound (4) of the above formula (4-6) {wherein Rf is a trifluorpmethyl group), 1 ,1_ 5 g of the silicon^containing alicyclic 
compound (4) of the above fomriula (4-6) (wherein Rf is a trifluoromethyl group) by replacing the hydrogen atom of the 
hydroxy! group by a t-butoxycarbonyl group, 1 .08 g of the silicon containing alicyclic compound (4) of the above formula 
(4-42), 5 g of 4-methyl-2-pentanone, and 0.78 g of a 1 .75 wt% aqueous solution of oxalic acid. The mixture was reacted 
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for ten hours at 40'C while stirring. The reaction was tennlnated by cooling the flask with ice. The reaction mixture 
was poured into a separating funnel to remove the water layer. The organic layer was washed with ion-exchanged 
water until the reaction solution becomes neutral. The solvent was removed from the organic layer to obtain 3.6 g of 
a polymer having Mw of 1 ,600 and Mw / Mn of 1 . 1 . 

5 [0401] The polymer was dissolved in 11 A g of 4-methyl-2-pentanone. After the addition of 1 .15 g of distilled water 
and 1.62 g of triethylamlne, the mixture was heated to 60^*0 in a nitrogen stream. After five hours, the mixture was 
cooled with ice and stirred, then a solution of 1 .35 g of oxalic acid in 50 g of distilled water was added, and stirring was 
continued. The reaction mixture was poured into a separating funnel to remove the water layer. The organic layer was 
washed with ion-exchanged water until the reaction solution becomes neutral. The solvent was removed from the 

10 organic layer to obtain the polysiloxane (1 ). 

[0402] NMR spectrum (chemical shift c), IR spectrum, and IWIw of the polysiloxane (1 ) were measured to confirm the 
following results. 

G : 2.3 ppm {-CH2C (CF3)2 group), 1 .4 ppm (t-butyl group), 1 .5 ppm (t-butoxycarbonyl group) 

*5 I R: 1 774 cm-i (carbonic acid ester group) , 1 726 cm*"" (ester group), 1 226 cm-i (C-F bond), 1 1 30 cm-i (siloxane 

group) 
IVIw: 2,400 
ly/lw/Mn: 1.1 

^ Evaluation Example 6 

(Evaluation of radiation transmittance) 

[0403] The radiation transmittance of coating films with a thickness of 100 nm prepared from the polysiloxane of 
25 Example 25-32 at wavelengths of 157 nm and 1 93 nm was measured. The results are shown in Table 3. 



Table 3 



Polysiloxane 


Radiation transmittance (%) 


157 nm 


193 nm 


Polysiloxane (1) of Example 25 


67 


97 


Polysiloxane (1) of Example 26 


67 


97 


Polysiloxane (1) of Example 27 


66 


97 


Polysiloxane (1) of Example 28 


56 


95 


Polysiloxane (1) of Example 29 


54 


95 


Polysiloxane (1) of Example 30 


52 


94 


Polysiloxane (1) of Example 31 


61 


94 


Polysiloxane (1) of Example 32 


60 


94 



40 

Example 36 

(Radiation-sensitive resin composition) 

45 [0404] A solution composition was prepared by homogeneously mixing 100 parts of the polysiloxane obtained in 
Example 22, Example 23, Example 25-29, Example 31 , Example 32 or Comparative Example 6, 1 part of triphenyl- 
phosphonium nonafluoro-n-butenesulfonate, 0.02 part of tri-n-octylamine, and 900 parts of 2-heptanone. 
[0405] The solution composition was applied onto a silicon wafer substrate by spin coating and pre-baked for 90 
seconds at 140*C to form a resist film with a thickness of 100 nm. 

50 [0406] The resist film was exposed to an ArF excimer laser (wavelength: 193 nm) or F2 excimer laser (wavelength: 
157 nm) while changing the in^adiation dose, post-baked for 90 seconds on a hot plate at 110**C. and then developed 
in a 2.38 wt% aqueous solution of tetramethylammonium hydroxide. 

[0407] Observation of the exposed area on the substrate by a scanning-type electron microscope confimned that the 
limit resolution are shown In Table 4. 
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Table 4 



10 



15 



Potysiloxane 


limit resolution (jim) 


ArF 


F2 


Polysiloxane (1) of Example 22 


0.15 


0.07 


Potysiloxane (1) of Example 23 


0.14 


0.07 


Polysiloxane (1) of Example 25 


0.16 




Potysiloxane (1) of Example 26 


0.15 


0.11 


Potysiloxane (1) of Example 27 


0.15 




Polysiloxane (1) of Example 28 


0.14 




Polysiloxane (1) of Example 29 


0.13 


0.08 


Polysiloxane (1) of Example 31 


0.14 




Polysiloxane (1) of Example 32 


0.13 


0.08 


Polysiloxane of Comparative Example 6 


0.30 


0.30 



Example 37 

(Preparation of polysiloxane (3)) 

[0408] A three-necked flask equipped with a stirrer, a reflux condenser, and a thermometer was charged with 2.06 
g of the silicon containing alicycllc compound (2) of the above fomnula (2-39), 2.94 g of methyltrlmethoxysilane, 15 g 
of 4-methyl-2-pentanone, and 1 .49 g of a 1 .75 wt% aqueous solution of oxalic acid. The mixture was reacted for five 
hours at 80*C while stimng, followed by cooling with ice to terminate the reaction. The reaction mixture was poured 
into a separating funnel to remove the water layer. The organic layer was washed with ion-exchanged water until the 
reaction solution becomes neutral. The solvent was removed from the organic layer to obtain the polysiloxane (3). 
[0409] NMR spectrum (chemical shift a ), IR spectrum, and Mw of the polysiloxane (3) were measured to confinn 
the following results. 

a : 1 .4 ppm (t-butyl group), 0.2 ppm (SICH3 group) 
IR: 1 705 cm'i (ester group), 1116 cm''* (siloxane group) 
Mw: 2,600 

Example 38 

(Preparation of polysiloxane (3)) 

[0410] A three-necked flask equipped with a stirrer, a reflux condenser, and a thenmometer was charged with 1 .48 
g of the silicon containing aticyclic compound (2) of the above fonnula (2-42), 1 .52 g of the silicon containing alicycllc 
compound (4) of the above fonmula (4-6) (wherein Rf is a trif luoromethyl group), 9 g of 4-methyl-2-pentanone, and 0.51 
g of a 1 .75 wt% aqueous solution of oxalic acid. The mixture was reacted for six hours at 80'*C while stirring, followed 
by cooling to terminate the reaction. The reaction mixture was poured into a separating funnel to remove the water 
layer. The organic layer was washed with ion-exchanged water until the reaction solution becomes neutral. The solvent 
was removed from the organic layer to obtain the polysiloxane (3). 

[0411] NMR spectrum (chemical shift c ), IR spectrum, and Mw of the polysiloxane (3) were measured to confinn 
the following results. 

a : 2.3 ppm (two CF3 groups bonded to a CH2C group), 1 A ppm (t-butyl group) 
IR: 1 703 cm"*" (ester group), 1213 cm"^ (C-F bond), 1151 cm*'' (siloxane group) 
Mw: 1 ,900 

Example 39 

(Preparation of potysiloxane (3))^ . _ . _ _ 

[0412] A three-necked flask equipped with a stirrer, a reflux condenser, and a thenmometer was charged with 0.58 



20 



25 



30 



35 



40 



45 



50 
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g of the silicon containing alicyclic compound (2) of the above fonnula (2-42), 2.42 g of the silicon containing alicycllc 
compound (4) of the above fomnula (4-6) (wherein Rf is a trif luoromethyl group). 9 g of 4-methyl-2-pentanone, and 0.15 
g of a 1 .75 wt% aqueous solution of oxalic acid. The mixture was reacted for six hours at 80^C while stirring, followed 
by cooling to terminate the reaction. The reaction mixture was poured into a separating funnel to remove the water 
5 layer. The organic layer was washed with ion-exchanged water until the reaction solution becomes neutral. The solvent 
was removed from the organic layer to obtain the polyslloxane (3). 

[0413] NMR spectrum (chemical shift o), IR spectrum, and Mw of the polyslloxane (3) were measured to confirm the 
following results. 

10 a : 2.3 ppm (two CF3 groups bonded to a CH2C group), 1 .4 ppm (t-butyl group) 
IR: 1 703 cm'"" (ester group), 1213 cnr"" (C-F bond), 11 43 cm-"" (siloxane group) 
Mw: 2.400 

Example 40 

15 

(Preparation of polyslloxane (3)) 

[0414] A three-necked flask equipped with a stirrer, a reflux condenser, and a themnometer was charged with 1 .52 
g of the silicon containing alicyclic compound (2) of the above formula (2-42), 1 .57 g of the silicon containing alicyclic 

20 compound (4) of the above formula (4-6) (wherein Rf is a trif luoromethyl group), 1 .91 g of methyltriethoxysllane, 15 g 
of 4-methyl-2-pentanone, and 1.31 g of a 1 .75 wt% aqueous solution of oxalic acid. The mixture was reacted for six 
hours at 80'C while stirring, followed by cooling to terminate the reaction. The reaction mixture was poured into a 
separating funnel to remove the water layer. The organic layer was washed with ion-exchanged water until the reaction 
solution becomes neutral. The solvent was removed from the organic layer to obtain the polyslloxane (3). 

25 [0415] NMR spectrum (chemical shift a ), IR spectrum, and Mw of the polyslloxane (3) were measured to confirm 
the following results. 

a : 2.3 ppm (two CF3 groups bonded to a CH2C group), 1 .4 ppm (t-butyl group), 0.2 ppm (SiCHs group) 
IR: 1 699 cm-'i (ester group), 1213 cm~'' (C-F bond), 1124 cm-i (siloxane group) 
30 Mw: 1 ,900 

Example 41 

(Preparation of polyslloxane (3)) 

35 

[0416] A three-necked flask equipped with a stirrer, a reflux condenser, and a thermometer was charged with 1 .28 
g of the silicon containing alicyclic compound (2) of the above formula (2-42), 2.64 g of the silicon containing alicyclic 
compound (4) of the above fomriula (4-6) (wherein Rf is a trif luoromethyl group), 1 .07 g of methyltriethoxysilane, 15 g 
of 4-methyl-2-pentanone, and 1.11 g of a 1 .75 wt% aqueous solution of oxalic acid. The mixture was reacted for six 
40 hours at 80*0 while stirring, followed by cooling to tenninate the reaction. The reaction mixture was poured into a 
separating funnel to remove the water layer. The organic layer was washed with Ion-exchanged water until the reaction 
solution becomes neutral. The solvent was removed from the organic layer to obtain the polyslloxane (3). 
[0417] NMR spectrum (chemical shift g). IR spectrum, and Mw of the polyslloxane (3) were measured to confimn the 
following results. 

45 

G : 2.3 ppm (two CF3 groups bonded to a CH2C group), 1 .4 ppm (t-butyl group), 0.2 ppm (SiCH3 group) 
IR: 1 703 cm-^ (ester group), 1213 cm-"" (C-F bond), 1140 cm^^ (siloxane group) 
Mw: 2, 900 

50 Example 42 

(Preparation of polyslloxane (3)) 

- [0418] A three-necked flask equipped with a stirrer, a refluxj:ondenser^and a thennometer was charged with 1 .44 
S5 g of the silicon containing alicyclic compound (2) of the above formula (2-42), 1 .60 g of the silicon containing alicyclic 
compound (4) of the above fonnula (4-6) (wherein Rf is a trifluoromethyl group), 1 .95 g of methyltriethoxysilane, 15 g 
of 4-methyl-2-pentanone, and 1 .34 g of a 1 .75 wt% aqueous solution of oxalic acid. The mixture was reacted for six 
hours at 80'*C while stirring, followed by cooling to tennlnate the reaction. The reaction mixture was poured Into a 
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separating funnel to remove the water layer. The organic iayer was washed with ion-exchanged water until the reaction 
solution becomes neutral. The solvent was removed from the organic layer to obtain the polysiloxane (3). 
[0419] NMR spectrum (chemical shift a), IR spectrum, and Mw of the polysiloxane (3) were measured to confirm the 
following results. 

5 

o : 2.3 ppm (two CFg groups bonded to a CHgC group), 1 .4 ppm (t-butyl group), 0.2 ppm (SiCHg group) 
IR: 1699 cm-"* (ester group), 1213 cm-^ (C-F bond), 1124 cm'*" (siloxane group) 
Mw: 1.300 

10 Evaluation Example 7 

(Evaluation of radiation transmittance) 
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[0420] The radiation transmittance of coating films with a thicleiess of 1 00 nm prepared from the polysiloxanes (3) 
of Examples 39-42 at wavelengths of 157 nm and 193 nm was measured. 
[0421] The results are shown in Table 5. 

Tables 



Polysiloxane 


Radiation transmittance (%) 




157 nm 


193 nm 


Polysiloxane (3) of Example 39 


52 


98 


Polysiloxane (3) of Example 40 


42 


96 


Polysiloxane (3) of Example 41 


48 


97 


Polysiloxane (3) of Example 42 


42 


96 



[0422] The results show that the polysiloxanes (3) exhibit superior transmittance at a wavelength less than 1 93 nm, 
particularly at 157 nm. This indicates that the polysiloxane (3) is a very useful resin in a lithography process using a 
short wavelength radiation such as an ArF excimer laser (wavelength: 1 93 nm) or F2 excimer laser (wavelength: 
157nm). 

Comparative Example 7 

(Preparation of comparative polysiloxane) 

[0423] A three-necked flasic equipped with a stirrer, a reflux condenser, and a thermometer was charged with 1 .62 
g of the silane compound (ill) of the fomnula (3), wherein R is a hydrogen atom, R' is an ethyl group, and n is 0, 1 .98 
g of the silicon containing alicyclic compound (4) shown by the formula (4-6), 2.41 g of methyltriethoxysilane, 6.0 g of 
4- methyl -2-pentanone, and 1 .65 g of a 1 .75 wt% aqueous solution of oxalic acid. The mixture was reacted for six hours 
at BO^C while stirring, followed by cooling with ice to terminate the reaction. The reaction mixture was poured into a 
separating funnel to remove the water layer. The organic layer was washed with ion-exchanged water until the reaction 
solution becomes neutral. The solvent was removed from the organic layer to obtain a comparative polymer. 
[0424] Ni\^R spectrum (chemical shift a) and IR spectrum of the comparative polysiloxane were measured. The 
results were as follows. 

o : 2.3 ppm (two CF3 groups bonded to a CHgC group), 1 .5 ppm (t-butoxy group), 0.2 ppm (SiCH3 group) 
IR: 3400 cm-'* (hydroxyl group), 1703 cm-"" (carbonyl group), 1213 cm-"* (C-F bond), 1130 cm-'' (siloxane group), 
1 080 cm~^ (siloxane group) 

Evaluation Example 8 



55 



(Evaluation of glass transition temperature) 

[0425] Glass transition temperature of the polysiloxanes obtained in Example 40, Example 41, and Comparative 
Example 7 was measured to cohfimn that the glass transition temperature of these polysiloxanes was respectively 
nS'^C, 116**C, and 94"C. These results show that the polysiloxane (3) of the fonnula (3) in which n'=1 has a higher 
glass transition temperature than the polysiloxane of the formula (3) in which n'=0, and is more useful as a material 
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for forming fine rectanguiar resist patterns by a conventionai lithography process. 

Example 43 

5 (Radiation-sensitive resin composition) 

[0426] A solution composition was prepared by homogeneously mixing 1 00 parts of the polysiloxane (3) obtained in 
Example 40, 1 part of triphenylsuifonium trifluoromethane sulfonate, 0.02 part of tri-n-octyiamlne, 900 parts of 2-hep- 
tanone. 

10 [0427] The solution composition was applied onto a silicon wafer substrate by spin coating and pre-baked for 90 
seconds at 130*C to fomn a resist film with a thickness of 1 CO nm. 

[0428] The resist film was exposed to a KrF excimer laser through a photo mask while changing the irradiation dose, 
post-baked for 90 seconds on a hot plate at 110*^0, and then developed in a 2.38 wt% aqueous solution of tetrameth- 
yiammonium hydroxide to fomn a resist pattern. 
15 [0429] The exposed area on the substrate was observed by an electronic microscope to confirm that the patterns 
were resolved to a line size as fine as 0.24 )xm and maintained a rectangular configuration. 

[0430] Resist pattems were prepared and evaluated in the same manner as above except for using the polysiloxane 
(3) obtained in Example 41 instead of the polysiloxane (3) obtained in Example 40, to confimn that the patterns were 
resolved to a line size as fine as 0.24 p.m, with the pattem configuration maintaining a rectangle. 

20 

Comparative Example 8 

(Comparative Radiation-sensitive resin composition) 

25 [0431] Resist pattems were formed and evaluated in the same manner as above except for using the polysiloxane 
of Comparative Example 7 In place of the polysiloxane (3) of Example 40, to confinn that the pattems were resolved 
to a line width as fine as 0.3 \im, but did not maintain a rectangular configuration. 

Example 44 

30 

(Radiation-sensitive resin composition) 

[0432] A solution composition was prepared by homogeneously mixing 1 00 parts of the polysiloxane (3) obtained in 
Example 40, 1 part of triphenylsuifonium trifluoromethane sulfonate, 0.02 part of tri-n-octylamine, 900 parts of 2-hep- 
35 tanone. 

[0433] The solution composition was applied onto a silicon wafer substrate by spin coating and pre-baked for 90 
seconds at 130**C to form a resist film with a thickness of 1 CO nm. 

[0434] The resist film was exposed to an F2 excimer laser through a photo mask while changing the irradiation dose, 
post-baked for 90 seconds on a hot plate at 110°C, and then developed in a 2.38 wt% aqueous solution of tetrameth- 
40 yiammonium hydroxide to forni a resist pattern. 

[0435] The exposed area on the substrate was observed by an electronic microscope to confirm that the pattems 
were resolved to a line size as fine as 0.10 ^m and maintained a rectangular configuration. 

[0436] Resist patterns were formed and evaluated in the same manner as above except for using the polysiloxane 
(3) obtained in of Comparative Example 7 in place of the polysiloxane (3) of Example 40, to confirm that the pattems 
45 were resolved to a line width as fine as 0.10 (im and maintained a rectangular configuration. 

Example 45 

(Synthesis of silicon-containing alicyclic compound (4)) 

so 

[0437] A three-necked flask equipped with a stirrer, a reflux condenser, and a thermometer was charged with 13.4 
g of trimethoxysilane and 20.0 g of 5-[2-hydroxy-2,2-di(trifluoromethyl)]bicyclo[2.2.1]hepto-2-ehe. The mixture was 
stirred at room temperature and 0.2 ml of a 0.2 mol chloroplatinic acid (H2PtCl6) solution in isopropyl alcohol was added 
to initiate the reaction. The reaction was continued for 48 hours at 100**C while refluxing. The reaction nilxtu re was 
55 allowed to cool to room temperature, diluted with n-hexane, and filtered through celite by suction. The solvent was 
evaporated by distillation under vacuum to obtain a crude product. The crude product was purified by vacuum distillation 
at 2 mmHg and a temperature of 110*C to obtain 12.2 g of the reaction product. 

[0438] This reaction product was identified to be the silicon containing alicyclic compound (4) of the formula (4-3) 
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(In which Rf is a trifluoromethyl group) by the measurement of ^H>NMR spectrum (chemical shift a H), i^c.nmr spec- 
trum (chemical shift a C). 29si-NMR spectrum (chemical shift o Si), ^^F-NMR spectrum (chemical shift o F), IR spec- 
trum, and mass spectrum (FABMS). 

5 o H: 3.6 ppm (methoxy group) 

o C: 123 ppm (trifluoromethyl group), 51 ppm (methoxy group) 

o Si: -45 ppm 

a F: -76 to -79 ppm 

IR: 3400 cm-^ (hydroxyl group), 2847 cm*^ (methoxy group), 121 7 cm'"* (C-F bond), 1 097 cm-^ (siloxane group) 

10 FABMS: m/z = 397 (M+ + 1 ) 

Example 46 

(Synthesis of silicon-containing alicyclic compound (4)) 

15 

[0439] A three-necl<ed flask equipped with a stirrer, a reflux condenser, and a themnometer was charged with 38.8 
g of triethoxysilane and 43.2 g of 5-[2-hydroxy-2,2-di(trifluoromethyl)]-blcyclo[2.2.1]hepto-2-ene. The mixture was 
stirred at room temperature and 0.1 ml of a 0.2 mol chtoroptatinic acid (HgPtClg) solution in isopropyl alcohol was added 
to initiate the reaction. The reaction was continued for 30 hours at 100*C while refluxing. The reaction mixture was 
20 allowed to cool to room temperature, diluted with n-hexane, and filtered through celite by suction. The solvent was 
evaporated by distillation under vacuum to obtain a crude product. The crude product was purified by vacuum distillation 
at 3 mmHg and a temperature of 105**C to obtain 59.8 g of the reaction product. 

[0440] As the result shown below, this reaction product was identified to be the silicon containing alicyclic compound 
(4) of the formula (4-6) (in which Rf is a trifluoromethyl group) by the measurement of 1H-NMR spectrum (chemical 
25 shift a H) , '•3C-NMR spectrum (chemical shift a C), 29si-NMR spectrum (chemical shift a Si), ^^F-NMR spectrum 
(chemical shift a F), IR spectrum, and mass spectrum (FABMS). 

a H: 3.8 ppm (ethoxy group), 1 .2 ppm (ethoxy group) 

c C: 123 ppm (trifluoromethyl group), 59 ppm (ethoxy group), 18 ppm (methyl group) 

30 o Si: -48 ppm 

o F: -76 to -79 ppm 

IR; 3400 cm-1 (hydroxyl group), 2878 cm"*" (methoxy group), 1215 cm""* (C-F bond), 1082 cm-i (siloxane group) 

FABMS: m/z = 439 (M+ + 1 ) 

Example 47 

(Synthesis of silicon-containing alicyclic compound (4)) 

[0441] A three-necked flask equipped with a stirrer, a reflux condenser, and a thermometer was charged with 3.0 g 
40 of the silicon containing alicyclic compound (4) obtained in Example 44, and 1 0 ml of tetrahydrofuran. The mixture was 
stirred in a nitrogen stream while cooling with ice. When the mixture was cooled to 5'*C, 16.7 mg of 4-dimethytami- 
nopyridine was added and a solution of 1 .64 g of dl-t-butyldlcarbonate In 5 ml of tetrahydrofuran was added dropwise 
over 15 minutes. After the addition, the mixture was stinred for one hour, allowed to cool to room temperature, and 
stirred for a further five hours. After the addition of 50 ml of n-hexane, the reaction mixture was poured into a separating 
45 funnel. The organic layer was washed three times with ice-cooled water The reaction mixture was charged into a 
beaker and dried over anhydrous magnesium sulfate, then the solvent was evaporated under vacuum to obtain a crude 
product. The cnjde product was purified by silica gel column chromatography to obtain 3.5 g of the compound from 
the n-hexane fraction. 

[0442] As shown by the following results of measurement of iH-NMR spectrum (chemical shift a H), ''^C-NMR spec- 
so trum (chemical shift o C), ^^Si-NMR spectrum (chemical shift or Si), ""^F-NMR spectrum (chemical shift a F). 'R spec- 
trum, and mass spectrum (FABMS), this reaction product was Identified to be the silicon containing alicyclic compound 
(4) derived from the compound of the formula (4-6) (in which Rf is a trifluoromethyl group) by replacing the hydrogen 
atom of the hydroxyl group with a t-butoxycarbonyl group. 

55 o H: 3.8 ppm (ethoxy group), 1 .2 ppm (ethoxy group), 1 .5 ppm (t-butyl group) 

oC: 149 ppm (carbonate group), 122 ppm (trifluoromethyl group), 85 ppm (t-butoxy group), 59 ppm (ethoxy 

group), 28 ppm (t-butyl group), 18 ppm (methyl group) 
a Si: -48 ppm 
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c F: -72.7 to -73.3 ppm 

IR: 3400cm-^ (hydroxy I group), 2879cm-i (methoxy group), 1774 cm'^ (carbonate group), 1221 cm"^ (C-Fbond), 

1082cm-^ (siloxane group) 
FABMS: m/z = 639 (M+ -i- 1) 

5 

Example 48 

(Synthesis of silicon-containing alicyclic compound (4)) 

10 [0443] A three-necked flask equipped with a stirrer, a dropping funnel, and a themnometer was charged with 1 0 g of 
the silicon containing alicyclte compound (4) obtained in Example 45 and 50 ml of tetrahydrofuran. The mixture was 
stirred in a nitrogen stream while cooling with tee. When the mixture was cooled to 5**C, 48.4 mg of 4-dimethylami- 
nopyridlne was added and a solution of 4.75 g of di-t-butyldicarbonate in 1 0 ml of tetrahydrofuran was added dropwise 
over 20 minutes. After the addition, the mixture was stirred for one hour, allowed to cool to room temperature, and 

IS stirred for a further five hours. Afterthe addition of 1 00 ml of n-hexane, the reaction mixture was poured into a separating 
funnel. The organic layer was washed three times with ice-cooled water. The reaction mixture was charged into a 
beaker and dried over anhydrous magnesium sulfate, then the solvent was evaporated under vacuum to obtain 10.3 
g of the product. 

[0444] As shown by the following results of ^H-NMR spectrum (chemical shift a H) and IR spectrum measurement, 
20 this reaction product was identified to be the silicon containing alicyclic compound (4) derived from the compound of 
the fonmuia (4-3) (in which Rf is a trifluoromethyl group) by replacing the hydrogen atom of the hydroxyl group with a 
t-butoxycarbonyl group. 

c H: 3.6 ppm (methoxy group), 1 .Sppm (t-butoxycarbonyl group) 
25 IR: 1770 cm-"* (carbonate group), 1220 cm'"" (C-F bond), 1098 cm*^ (siloxane group) 

Example 49 

(Synthesis of silicon-containing alicyclte compound (4)) 

30 

[0445] A three-necked flask equipped with a stirrer, a reflux condenser, and a thermometer was charged with 18.1 
g of triethylsilane and 25.0 g of 8-[2-hydroxy-2,2-di(trifluoromethyl)]tetracyclo[4. 4.0.1 2.5. i7,ioj(jocieca-3-ene. The mix- 
ture was stinred at room temperature and 0.2 ml of a 0.2 mol chloroplatinic acid (NgPtClg) solution in isopropyl alcohol 
was added to initiate the reaction. The reaction was continued for 70 hours at ISO^'C while refluxtng. The reaction 

35 mixture was allowed to cool to room temperature, diluted with n-hexane, and filtered through celite by suction. The 
solvent was removed from the filtrate by evaporation under vacuum to obtain a crude product. The crude product was 
purified by silica gel column chromatography to obtain 19.4 g of the compound from the n-hexane fraction. 
[0446] As shown by the following results of ""H-NMR spectrum (chemical shift o H) and IR spectrum measurement, 
this reaction product was identified to be the silicon containing alicyclic compound (4) of the forniula (4-42) (in which 

40 Rf is a trifluoromethyl group). 

G H: 3.8 ppm (ethoxy group), 1 .2 ppm (ethoxy group) 

IR: 3400 cm*^ (hydroxyl group), 1220 cm'^ (C-F bond), 1098 cm'^ (siloxane group) 
45 Example 50 

(Synthesis of silicon-containing alicyclic compound (4)) 

[0447] A three-necked flask equipped with a stirrer, a dropping funnel, and a themnometer was charged with 3 g of 
50 the silicon containing alicyclte compound (4) obtained in Example 47 and 10 ml of tetrahydrofuran. The mixture was 
stirred in a nitrogen stream while cooling with Ice. When the mixture was cooled to S^'C, 4.5 mg of 4-dlmethylaminopy- 
ridine was added and a solution of 1 .43 g of di-t-butyldicarbonate in 5 ml of tetrahydrofuran was added dropwise over 
15 minutes. Afterthe addition, the mixture was stirred for one hour, allowed to cool to room temperature, and stirred 
for a further five hours. After the addition of 50 ml of n-hexane, the reaction mixture was poured into a separating 
55 funnel. The organic layer was washed three times with ice-cooled water. The reaction mixture was charged into a 
beaker and dried over anhydrous magnesium sulfate, then the solvent was evaporated under vacuum to obtain a crude 
product. The crude product was purified by silica gel column chromatography to obtain 3.2 g of the compound from 
the n-hexane fraction. 
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[0448] As shown by the following results of ^H-NMR spectrum (chemical shift o H) and IR spectnjm measurement, 
this reaction product was identified to be the silicon containing aiicyclic compound (4) derived from the compound of 
the fomnula (4-42) (in which Rf is a trifluoromethyl group) by replacing the hydrogen atom of the hydroxyl group with 
a t-butoxycarbonyl group. 

5 

o H: 3.8 ppm (ethoxy group), 1 .5ppm (t-butoxycarbonyl group), 1 .2 ppm (ethoxy group) 
IR: 1 771 cm-^ (carbonate group), 1218 cm*^ (C-F bond), 1098 cm"'' (siloxane group) 

Example 51 

10 

(Synthesis of silicon-containing alicycilc compound (4)) 

[0449] A three-necked flask equipped with a stirrer, a reflux condenser, and a themnometer was charged with 13.8 
g of diethoxymethylsilane and 40.0 g of 5-(2,2,2-trifluoro-1 -ethyl-1 -hydroxyethyl)bicyclo[2.2. 1 ]hepto-2-ene. The mixtu re 

f5 was stirred at room temperature and 0.2 ml of a 0.2 mol chloroplatinic acid (HgPtCy solution in isopropyl alcohol was 
added to initiate the reaction. After heating at 100°C for 48 hours while refluxing, the reaction mixture was allowed to 
cool to room temperature, diluted with n-hexane, and filtered through celite by suction. The solvent was removed from 
the filtrate by evaporation under vacuum to obtain a crude product. The crude product was purified by vacuum distillation 
at 3 mmlHg and a temperature of 98**C to obtain 41 g of the reaction product. 

20 [0450] As shown by the following results of ""H-NMR spectrum (chemical shift o H) and IR spectrum measurement, 
this reaction product was identified to be the silicon containing aiicyclic compound (4) of the fonnula (4-5) (in which Rf 
is a trifluoromethyl group). 

a H: : 3.8 ppm (ethoxy group), 1 .2 ppm (ethoxy group), 0.2 ppm (SiCHa group) 
25 IR: : 3400 cm "" (hydroxyl group), 1218 cm"^ (C-F bond), 1098 cm""" (siloxane group) 

Example 52 

(Synthesis of silicon-containing aiicyclic compound (4)) 

30 

[0451] A three-necked flask equipped with a stirrer, a reflux condenser, and a themnometer was charged with 12.0 
g of methylhydrocycloslloxane and 54.8 g of 5-[2-hydroxy-2,2-di(trifluoromethyl)]bicyclo[2.2.1]hepto-2-ene. The mix- 
ture was stin-ed at room temperature and 5.0 ml of a 0.2 mol chloroplatinic acid (H2PtCle) solution in isopropyl alcohol 
was added to initiate the reaction. The reaction was continued for 100 hours at 150^^0 while refluxing. The reaction 
35 mixture was allowed to cool to room temperature, diluted with n-hexane, and filtered through celite by suction. The 
solvent was removed from the filtrate by evaporation under vacuum to obtain 66.0 g of the product. 
[0452] As shown by the following results of ^H-NMR spectrum (chemical shift o H) and IR spectoim measurement, 
this reaction product was identified to be the silicon containing aiicyclic compound (4) of the fomnula (4-91) (in whtoh 
the unit number of -Si(CH3)0- Is 4). 

40 

o H: 0.2 ppm (SidHg group) 

IR: 3400 cm-'i (hydroxyl group). 2847 cm*'' (methoxy group), 1218 cnri (C-F bond). 1098 cm-^ (siloxane group) 

Example 53 

45 

(Synthesis of silicon-containing aiicyclic compound (4)) 

[0453] A three-necked flask equipped with a stirrer, a dropping funnel, and a themriometer was charged with 5 g of 
the compound obtained in Example 52 and 1 5 ml of tetrahydrofuran. The mixture was stirred in a nitrogen stream while 

so cooling with ice. When the mixture was cooled to 5*'C, 36.6 mg of 4-dimethylaminopyridine was added and a solution 
of 3.6 g of di-t-butyldteariaonate in 5 ml of tetrahydrofuran was added dropwise over 15 minutes . After the addition, 
the mixture was stinted for one hour, allowed to cool to room temperature, and stirred for a further five hours. After the 
addition of 70 ml of n-hexane, the reaction mixture was poured into a separating funnel. The organic layer was washed 
three times with ice-cooled water. The reaction mixture was charged Into a beaker and dried over anhydrous magnesium 

55 sulfate, thenjhe solvent was rernoved by distillation under vacuum to obtain 5.5 g of a product. 

[0454] As shown by the following results of H-NMR spectrum (chemical shift a H) measurement, this reaction prod- 
uct was identified to be the silicon containing aiicyclic compound (4) derived from the compound of the fomnula (4-91 ) 
(In which the unit number of -Si(CH3)0- Is 4) by replacing the hydrogen atom of the hydroxyl group in the compound 
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with a t-butoxycarbonyl group. 

a: 1 .5 ppm (t-butoxycarbonyl group), 0.2 ppm (SiCHs group) 
5 Example 54 

[0455] A three-necked flask equipped with a stirrer, a reflux condenser, and a themnometer was charged with 10 g 
of methylhydrocyclosiloxane and 56.7 g of 8-[2-hydroxy-2,2-di(trifluoromethyl)]tetracyclo[4.4.0.l2.5.i7.i0](jQ(jeca- 
3-ene. The mixture was stirred at room temperature and 5.0 ml of a 0.2 mol chloroplatinic acid (H2PtCle) solution in 

10 isopropyl alcohol was added to initiate the reaction. The reaction was continued for 1 00 hours at 1 50®C while refluxing. 
The reaction mixture was allowed to cool to room temperature, diluted with n-hexane, and filtered through cellte by 
suction. The solvent was removed from the filtrate by evaporation under vacuum to obtain 65.4 g of the product. 
[0456] As shown by the following results of ""H-NMR spectrum (chemical shift o H) and IR spectrum measurement, 
this reaction product was identified to be the silicon containing alicyclic compound (4) of the fomnula (4-97) (in which 

15 the unit number of -SI(CH3)0- Is 4). 

a H: 0.2 ppm (SiCHs group) 

IR: 3400 cm-"! (hydroxyl group), 2849 cnr^ (methoxy group), 1220 cm-'' (C-F bond), 1100 cm-"" (siloxane group) 
20 Example 55 

(Synthesis of silicon-containing aPicyclic compound (4)) 

[0457] A three-necked flask equipped with a stirrer, a dropping funnel, and a thermometer was charged with 6.0 g 
25 of the silicon containing alicyclk; compound (4) obtained in Example 54 and 1 5 ml of tetrahydrofuran. The mixture was 
stirred in a nitrogen stream while cooling with Ice. When the mixture was cooled to 5*^C, 30.5 mg of 4-dimethylami- 
nopyrldine was added and a solution of 3.0 g of di-t-butyldlcarbonate In 5 ml of tetrahydrofuran was added dropwise 
over 15 minutes. After the addition, the mixture was stirred for one hour, allowed to cool to room temperature, and 
stirred for a further five hours. After the addition of 70 ml of n-hexane, the reaction mixture was poured into a separating 
30 funnel. The organic layer was washed three times with ice-cooled water. The reaction mixture was charged into a 
beaker and dried over anhydrous magnesium sulfate, then the solvent was removed by distillation under vacuum to 
obtain 5.3 g of a product. 

[0458] As shown by the following results of ^H-NMR spectrum (chemical shift o H) measurement, this reaction prod- 
uct was identified to be the silicon containing alicyclic conripound (4) derived from the compound of the formula (4-97) 
35 (In which the unit number of -SI(CH3)0- Is 4) by replacing the hydrogen atom of the hydroxyl group In the compound 
with a t-butoxycarbonyl group. 

G : 1 .5 ppm (t-butoxycarbonyl group), 0.2 ppm (SiCHs group) 
40 Example 56 

(Preparation of polyslloxane (5)) 

[0459] A three-necked flask equipped with a stirrer, a reflux condenser, and a thermometer was charged with 2.5 g 
45 of the silicon containing alicyclic compound (4) shown by the above formula (4-6) (wherein Rf Is a trifluoromethyl group), 
2.5 g of 4-methyl-2-pentanone, and 0.42 g of 1 .75 wt% oxalic acid aqueous solution. The mixture was reacted for six 
hours at 80'C while stirring. The reaction was terminated by cooling the flask with ice. The reaction mixture was poured 
into a separating funnel to remove the water layer. The organic layer was washed with water until the reaction solution 
becomes neutral and the solvent was removed by distillation under vacuum to obtain polyslloxane (5). 
50 [0460] '*H-NMR spectrum (chemical shift a H), IR spectrum, and Mw of the polyslloxane (5) were measured. The 
results were as follows. 

o H: 2.3 ppm (CH2C(CF3)2 group) 

IR: 3400 cm-1 (hydroxyl group), 1221 cmri (C-F bond), 1130 cm-i (siloxane group), 1080 cm-^ (siloxane group) 
55 Mw:- 3,300 =. _ _ 
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Example 57 

(Preparation of polysiloxane (5)) 

5 [0461] A three-necked flask equipped with a stirrer, a reflux condenser, and a thermometer was charged with 1 .5 g 
of the silicon containing alicyclic compound (4) derived from the compound of the above fomnula (4-6) (wherein Rf is 
a trifluoromethyl group) by replacing the hydrogen atom of the hydroxyl group by a t-butoxycarbonyl group, 1.5 g of 
4-methyl-2-pentanone, and 0.20 g of 1 .75 wt% oxalic acid aqueous solution. The mixture was reacted for five hours 
at 80^C while stirring. The reaction was terminated by cooling the flask with Ice. The reaction mixture was poured into 

10 a separating funnel to remove the water layer. The organic layer was washed with water until the reaction solution 
becomes neutral and the solvent was removed by distillation under vacuum to obtain polysiloxane (5). 
[0462] 1H-NMR spectrum (chemical shift o H) JR spectrum, and Mw of the polysiloxane (5) were measured. The 
results were as follows. 

15 o : 2.3 ppm (CH2C(CF3)2 group), 1 .5 ppm (t-butoxycarbonyl group) 

IR: 1774cm-^ (carbonate group), 1217cm-'* (C-Fbond), 1132cm-'' (siloxane group), 1082 cm*^ (siloxane group) 
Mw: 7,500 

Example 58 

20 

(Preparation of polysiloxane (5)) 

[0463] A three-necked flask equipped with a stirrer, a reflux condenser, and a thermometer was charged with 1 .98 

g of the silicon containing alicyclic compound (4) shown by the above formula (4-6) (wherein Rf is a trifluoromethyl 
25 group) , 1 .62 g of 2-t-butoxycarbony lethyltriethoxysitane. 2.41 g of methy Itriethoxysilane, 6 .0 g of 4-methyl-2-pentanone, 

and 1 .65 g of 1 .75 wt% oxalic acid aquesous solution. The mixture was reacted for six hours at 80*C while stirring. 

The reaction was temiinated by cooling the flask with Ice. The reaction mixture was poured Into a separating funnel to 

remove the water layer. The organic layer was washed with water until the reaction solution becomes neutral and the 

solvent was removed by distillation under vacuum to obtain polysiloxane (5). 
30 [0464] ""H-NMR spectrum (chemical shift a H), IR spectrum, and Mw of the polysiloxane (5) were measured. The 

results were as follows. 

a : 2.3 ppm (CH2C(CF3)2 group), 1 .5 ppm (t-butoxy group), 0.2 ppm (SICH3 group) 

IR: 3400 cm-i (hydroxyl group), 1703 cm-^ (carbonyl group), 1213 cnr'' (C-F bond) ,1130 cm-"" (siloxane group) , 
35 1 080 cm'^ (siloxane group) 

Mw: 2,500 

Example 59 

^ (Preparation of polysiloxane (5)) 

[0465] A three-necked flask equipped with a stirrer, a reflux condenser, and a thennometer was charged with 4.0 g 
of the silicon containing alicyclic compound (4) shown by the above fonnula (4-42) (wherein Rf is a trifluoromethyl 
group), 4.0 g of 4-methyl-2-pentanone, and 0.58 g of 1 .75 wt% oxalic acid aqueous solution. The mixture was reacted 
45 for six hours at 80^*0 while stirring. The reaction was terminated by cooling the flask with ice. The reaction mixture was 
poured into a separating funnel to remove the water layer. The organic layer was washed with water until the reaction 
solution becomes neutral and the solvent was removed by distillation under vacuum to obtain polysiloxane (5). 
[0466] '^H-NMR spectrum (chemical shift o H), IR spectmm, and Mw of the polysiloxane (5) were measured. The 
results were as follows. 

50 

a H: 2.3 ppm (CH2C(CF3)2 group) 

IR: 3400 cm-1 (hydroxyl group), 1220 cnrri (C-F bond), 1130 cm'i (siloxane group), 1080 cm-'* (siloxane group) 
Mw: 2,200 

55 _ _ ^ , _ _ 
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Example 60 



(Preparation of polysiloxane (5)) 

5 [0467] A three-necked flask equipped with a stirrer, a reflux condenser, and a themiometer was charged with 5.0 g 
of the silicon containing alicyclic compound (4) derived from the compound of the above fomriula (4-42) (wherein Rf is 
a trifluorom ethyl group) by replacing the hydrogen atom of the hydroxyl group by a t-butoxycarbonyl group, 5.0 g of 
4-methyl-2-pentanone, and 0.61 g of 1 .75 wt% oxalic acid aqueous solution. The mixture was reacted for six hours at 
SO^'C while stirring. The reaction was tenminated by cooling the flask with ice. The reaction mixture was poured into a 

10 separating funnel to remove the water layer. The organic layer was washed with water until the reaction solution be- 
comes neutral and the soh/ent was removed by distillation under vacuum to obtain polysiloxane (5). 
[0468] iH-NMR spectrum (chemical shift o H), IR spectrum, and Mw of the polysiloxane (5) were measured. The 
results were as follows. 

IS G : 2.3 ppm (CH2C(CF3)2 group), 1 .5 ppm (t-butoxycarbonyl group) 

IR 1775 cm-i (carbonate group), 1220 cm-"" (C-F bond), 1130 cm""" (siloxane group), 1130 cm-^ (siloxane group) 
Mw: 2.400 

Example 61 

20 

(Preparation of polysiloxane (5)) 

[0469] A three-necked flask equipped with a stirrer, a reflux condenser, and a thennometer was charged with 4.0 g 
of the silicon containing alicyclic compound (4) shown by theabovefonnula (4-6) (wherein Rf is a trifluoromethyl group), 

25 15.0 g of 4-methyl-2-pentanone, and 0.72 g of 1 .75 wt% oxalic acid aqueous solution. The mixture was reacted for six 
hours at 80^C white stimng. The reaction was terminated by cooling the flask with ice. The reaction mixture was poured 
into a separating funnel to remove the water layer. The organic layer was washed with water until the reaction solution 
becomes neutral and the solvent was removed by distillation under vacuum to obtain polysiloxane (5). 
[0470] ^H-Niy/IR spectrum (chemical shift o H), IR spectrum, and Mw of the polysiloxane (5) were measured. The 

30 results were as follows. 

a H: 2.3 ppm (CH2C(CF3)2 group), 0.2 ppm (SiCHa group) 

IR: 3400 cm-1 (hydroxyl group), 1220 cnr^ (C-F bond), 1130 cm-i (siloxane group), 1 080 cm-^ (siloxane group) 
Mw: 2,200 

35 

Example 62 

(Preparation of polysiloxane (5)) 

40 [0471] A three-necked flask equipped with a stirrer, a reflux condenser, and a thermometer was charged with 2.22 
g of the silicon containing alicyclic compound shown by the above fomnula (4-91 ) (in which the unit number of -Si(CH3) 
O- is 4), 2.78 g of methyttriethoxysilane, 5.0 g of 4-methyl-2-pentanone, and 1 .41 g of 1 .75 wt% oxalic acid aqueous 
solution. The mixture was reacted for six hours at 80*C while stin-ing. The reaction was temriinated by cooling the flask 
with ice. The reaction mixture was poured into a separating funnel to remove the water layer. The organic layer was 

45 washed with water until the reaction solution becomes neutral and the solvent was removed by distillation under vacuum 
to obtain polysiloxane (5). 

[0472] ^H-NMR spectrum (chemical shift a H), IR spectrum, and Mw of the polysiloxane (5) were measured. The 
results were as follows. 

50 o H: 2.3 ppm (CH2C(CF3)2 group), 0.2 ppm (SICH3 group) 

IR: 3400 cm-1 (hydroxy! group), 1221 cnr** (C-F bond), 1131 cm'i (siloxane group), 1078cm'i (siloxane group) 
Mw: 3,300 

Example 63 

(Preparation of polysiloxane (5)) 

[0473] A three-necked flask equipped with a stirrer, a reflux condenser, and a thennometer was charged with 2.48 
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g of the compound derived from the compound shown by the above fonnula (4-91) (rn which the unit number of -Si 
(CH3)0- is 4) by replacing the hydrogen atom of the hydroxyl group by a t-butoxycarbonyl group, 2.52 g of methyltri- 
ethoxysllane, 5.0 g of 4-methyl-2-pentanone, and 1 .28 g of 1 .75 wt% oxalic acid aqueous solution. The mixture was 
reacted for six hours at 80*C while stirring. The reaction was terminated by cooling the flask with ice. The reaction 
5 mixture was poured into a separating funnel to remove the water layer. The organic layer was washed with water until 
the reaction solution becomes neutral and the solvent was removed by distillation under vacuum to obtain a resin, 
[0474] "•H-NMR spectrum (chemical shift o H). IR spectrum, and Mw of the resin were measured. The results were 
as follows. 

10 o : . 2.3 ppm (CH2C(CF3)2 group), 1 .5 ppm (t-butoxy group). 0.2 ppm (SiCHg group) 

IR: 1775 cm-'' (carbonate group), 1221 cm-i (C-F bond), 1131 cm-"" (siloxane group), 1078 cm-^ (siloxane group) 
Mw: 3,500 

Comparative Example 9 

IS 

(Preparation of comparative polysiloxane) 

[0475] A three-necked flask equipped with a stirrer, a reflux condenser, and a themnometer was charged with 20 g 
of 2-t-butoxycarbonylethyltriethoxysilane, 60 g of 4-methyl-2-pentanone, and 4.09 g of 1 .75 wt% oxalic acid aqueous 
20 solution. The mixture was reacted for six hours at 80*C while stimng. The reaction was tenminated by cooling the flask 
with ice. The reaction mixture was poured into a separating funnel to remove the water layer. The organic layer was 
washed with water untii the reaction solution becomes neutral and the solvent was removed by distillation under vacuum 
to obtain a comparative polysiloxane. 

[0476] ''H-NMR spectrum (chemical shift a H), IRspectrum, and Mw of the comparative polysiloxane were measured. 
25 The results were as follows. 

a : 1 .5 ppm (t-butoxycarbony! group) 

IR: 3400 cm-"! (hydroxyl group), 1 703 cm-'' (carbonyl bond), 1130 cm-i (siloxane group), 1080cm-i (siloxane group) 
Mw: 2,700 

30 

Evaluation Example 9 

(Evaluation of radiation transmittance) 

35 [0477] The radiation transmittance of coating films with a thickness of 1 00 nm prepared from the poiysiloxanes (5) 
of Examples 56-59, Example 61 , and Comparative Example 9 at wavelengths of 157 nm and 193 nm was measured. 
The results are shown in Table 6. 



Table 6 



Polysiloxane 


Radiation transmittance (%) 




157 nm 


193 nm 


Polysiloxane (5) of Example 56 


69 


98 


Polysiloxane (5) of Example 57 


61 


96 


Polysiloxane (5) of Example 58 


46 


97 


Polysiloxane (5) of Example 59 


66 


97 


Polysiioxane (5) of Example 61 


67 


97 


Polysiloxane of Comparative Example 9 


30 


95 



50 

[0478] The results in the above table shows that the poiysiloxanes (5) having a polysiloxane structure for the basic 
skeleton exhibited radiation transmittance at a wavelength of 193 nm equivalent to or higher than the comparative 
polysiloxane obtained in Comparative Example 9. 
— ..[0479] -.With regard to radjatlon transmittance at a wavelength of 1 57 nm, the comparative polysiloxane obtained in 
55 Comparative Example 9 exhibited 30% radiation transnrilttance,^Kereas~ the poiysiloxanes (5) obtained in Examples - - 
56-59, and Example 61 was found to exhibit radiation transmittance higher than that of the comparative polysiloxane 
obtained in Comparative Example 9. Conventionally, the radiation transmittance at a wavelength of 157 nm has been 
thought to decrease as the proportion of hydrocarbon structures in a polysiloxane increases. The results of the meas- 
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urement, however, indicated that notwithstanding a comparatively large proportion of hydrocarbon structures and varied 
partial structures in the polymer the potysiioxane (5) exhibited high radiation transmittance at a wavelength of 157 nm. 

Evaluation Examples 1 0 



(Evaluation of alkali solubility) 

[0480] A solution of each potysiioxane (5) obtained in Example 56, Example 59, or Example 61 in 2-heptanone was 
applied onto a silicon wafer substrate by spin coating and treated with heat on a hot plate maintained at a temperature 
10 of 1 30^C for 90 seconds to fomri a coating film with a thickness of 1 00 nm. 

[0481 ] Each film was soaked In Ion-exchanged water for 60 seconds to conf inm that there was almost no change in 
the film thickness. On the other hand, a test of soaking the films In a2.38wt%tetramethylammonium hydroxide aqueous 
solution for 60 seconds revealed that the coating films were dissoh/ed in the solution and completely removed from 
the substrate. 

15 [0482] As a result, the polysiloxane (5) was conf imied to exhibit no solubility or low solubility in Ion-exchanged water, 
but exhibit high solubility in a common alkaline developer, demonstrating its sufficient usefulness as a resin component 
in chemically amplified resists. 



(Radiation-sensitive resin composition) 

[0483] A solution composition was prepared by homogeneously mixing 1 00 parts of the polysiloxane (5) obtained in 
Example 57 or Example 58, 1 part of triphenylsulfonlum trifluoromethanesutfonate, 0.02 part of tri-n-octyiamine, and 

25 900 parts of 2-heptanone. 

[0484] The solution composition was applied onto a silicon wafer substrate by spin coating and treated with heat on 
a hot plate maintained at a temperature of 130*C for 90 seconds a resist film with a thickness of 1 00 nm. 
[0485] The resist film was exposed to an ARF exclmer laser (wavelength: 193 nm) while changing the irradiation 
dose, heat-treated for 90 seconds on a hot plate maintained at a temperature of 1 1 0**C, and then developed in a 2.3B 

30 wt% aqueous solution of tetramethylammonium hydroxide, thereby fomning resist patterns. 

[0486] As a result observation of the resist pattems using a scanning electron microscope, potysiioxane (5) obtained 
in Example 57 exhibited resolution to a degree of a line width of as small as 0.30 ^m, and the polysiloxane (5) obtained 
in Example 58 as small as 0.15 |xm. 

35 Synthetic Example 2 

(Synthesis of silicon-containing aticyclic compound) 

[0487] A three-necked flask equipped with a stirrer, a reflux condenser, and a thermometer was charged with 365 g 
40 of triethoxysilane and 200 g of bicyclo[2.2.1 ]hepto-2-ene. The mixture was stirred at room temperature and 4.0 ml of 
a 0.2 mot chloropiatinic acid (H2PtClQ) solution in isopropyl alcohol was added to initiate the reaction. The reaction was 
continued for 90 hours at 1 60^C while refiuxlng. The reaction mixture was allowed to cool to room temperature, diluted 
with n-hexane, and filtered through celite by suction. The solvent was evaporated by distillation under vacuum to obtain 
a crude product. The crude product was purified by vacuum distillation at 3.0 mmHg and a temperature of 82'*C to 
45 obtain 252 g of the silicon containing aticyclic compound of the fonnula (1 2-1 ). 



5 



Example 64 



20 



50 




(12-1) 



55 
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S ynthetic Example 3 

(Synthesis of silicon-containing aiicyclic connpound) 

t^^rZre of 1 33«C to obtain 68 g of the silicon containing ailcydic compound ot the formula (12-2). 

Example 65 
15 (Preparation of polyslloxane (1)) 



results. 



30 



35 



40 



o : 2.3 ppm (-CH2C(CF3)2 group). 1 A ppm (t-butyl group) 
Mw: 1,400 

Example 66 

(Preparation of polysiloxane (1)) 

t04.1, At.ree-nec.e.fias.e,uippeaw.has^^^^^^^^^^ 
g of the silicon containing alicychc compoun^^^^^^^ 

compound (4) of the above formula (4-6), (wherein Bf 'f « rrfluorometny. 9'°»P)- ^ ^ 75 ^ aqueous solution of 
compound of the above fom^uia (12-1), ^^^^^^^"^^^^^^^^^^ by cooling the 

rRCe^^:Mc?,rrs:;^ and mw of the polysiloxane (1) were measured to confim. the following 

results. 

^ o : 2.3 ppm (-CH2C(CF3)2 group). 1 .4 ppm (t-butyl group) 
Mw: 1,400 

Example 67 

50 

(Preparation of polysiloxane (1 )) 

"[0493, Athree-neckedflas.e<,uipped-w«has^^^^ 
g of the silicon containing aiicyclic compound (2) ofthea^^^^^ 
-55==Wrn^?6uhd (4rof the abovef omiula (4-6), (wherein.Rf,B^ 

comScund of the above fom^ula O^;;)^^,^^ ° ^^^^^^^^^^ by cooling the 

f'^rjMce'rS^^^^^^ 
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was washed with ion-exchanged water until the reaction solution becomes neutral. The solvent was removed from the 
organic layer to obtain the polysiloxane (1). 

[0494] NMR spectrum (chemical shift a) and Mw of the polysiloxane (1) were measured to confimn the following 
results. 

5 

o: 2.3 ppm (-CH2C(CF3)2 group), 1 .4 ppm (t-butyl group) 
Mw: 1 ,200 

Example 68 

10 

(Preparation of polysiloxane (1)) 

[0495] A three-necked flask equipped with a stirrer, a reflux condenser, and a thermometer was charged with 0.85 
g of the silicon containing alicyclic compound (2) of the above formula (2-42), 2.63 g of the silicon containing alicyclic 

15 compound (4) of the above formula (4-6), (wherein Rf is atrifluoromethyl group), 0.52 g of the silicon containing alicyclic 
compound of the above formula (12-1), 4.0 g of 4-methyl-2-pentanone, and 0.73 g of a 1 .75 wt% aqueous solution of 
oxalb acid. The mixture was reacted for six hours at 80^C while stirring. The reaction was terminated by cooling the 
flask with ice. The reaction mixture was poured into a separating funnel to remove the water layer. The organic layer 
was washed with ion-exchanged water until the reaction solution becomes neutral. The solvent was removed from the 

^ organic layer to obtain the polysiloxane (1 ). 

[0496] NMR spectrum (chemical shift a ) and Mw of the polysiloxane (1) were measured to confimi the following 
results. 

a : 2.3 ppm (-CH2C(CF3)2 group). 1 .4 ppm (t-butyl group) 
25 Mw: 1 ,500 

Example 69 

(Preparation of polysiloxane (1 )) 

30 

[0497] A three-necked flask equipped with a stirrer, a reflux condenser, and a themnometer was charged with 0.85 
g of the silicon containing alicyclic compound (2) of the above fomnula (2-42), 2.18 g of the silicon containing alicyclic 
compound (4) of the above formula (4-6), (wherein Rf is a trifluoromethyl group), 0.97 g of the silicon containing alicyclic 
compound of the above fomnula (12-2), 4.0 g of 4-methyl-2-pentanone, and 0.73 g of a 1 .75 wt% aqueous solution of 
35 oxalic acid. The mixture was reacted for six hours at 80'*C while stirring. The reaction was terminated by cooling the 
flask with ice. The reaction mixture was poured into a separating funnel to remove the water layer. The organic layer 
was washed with ion-exchanged water until the reaction solution becomes neutral. The solvent was removed from the 
organic layer to obtain the polysiloxane (1). 

[0498] NMR spectrum (chemical shift o) and Mw of the polysiloxane (1) were measured to confirm the following 
40 results. 

o : 2.3 ppm (-CH2C(CF3)2 group), 1 .4 ppm (t-butyl group) 
Mw: 1 ,300 

45 Example 70 

(Preparation of polysiloxane (1)) 

[0499] A three-necked flask equipped with a stirrer, a reflux condenser, and a thermometer was charged with 0.82 
50 g of the silicon containing alicyclic compound (2) of the above fonmula (2-42), 2.55 g of the silicon containing alicyclic 

compound (4) of the above formula (4-6), (wherein Rf is atrifluoromethyl group), 0.63 g of thesllteon containing alicyclic 

compound of the above formula (12-2), 4.0 g of 4-methyl-2-pentanone, and 0.71 g of a 1 .75 wt% aqueous solution of 
^ oxalic acid. The mixture was reacted for six hours at B0*C while stirring. The reaction was terminated by cooling the 

flask with ice. The reaction mixture was poured into a separating funnel to remove the water layer. The organic layer 
55 was washed with Jon-exchangedjwater until the reaction solution becomes neutral. The solvent was removed from the 

organic layer to obtain the polysiloxane (1). 

[0500] NMR spectrum (chemkral shift o) and Mw of the polysiloxane (1) were measured to confimi the following 
results. 
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a : 2.3 ppm (-CH2C(CF3)2 group), 1 .4 ppm (t-butyl group) 
Mw: 1 .500 

Example 71 

5 

(Preparation of polysiloxane (1)) 

[0501] A three-necked flask equipped with a stirrer, a reflux condenser, and a themnometer was charged with 0.86 
g of the silicon containing aiicyclic compound (2) of the above fomiula (2-6), 1.58 g of the silicon containing allcyclic 

10 compound (4) of the above fomiula (4-6), (wherein Rf Is a trifluoromethyl group), 1 .55 g of the silicon containing allcyclic 
compound of the above formula (12-1), 4.0 g of 4-methyl-2-pentanone, and 0.88 g of a 1 .75 wt% aqueous solution of 
oxalic acid. The mixture was reacted for six hours at 80**C while stirring. The reaction was terminated by cooling the 
flask with ice. The reaction mixture was poured into a separating funnel to remove the water layer. The organic layer 
was washed with ion-exchanged water until the reaction solution becomes neutral. The solvent was removed from the 

IS organic layer to obtain the polysiloxane (1 ). 

[0502] NMR spectrum (chemical shift a ) and Mw of the polysiloxane (1) were measured to confirm the following 
results. 

a : 2.3 ppm (-CH2C(CF3)2 group), 1 .4 ppm (t-butyl group) 
20 Mw: 1 .000 

Evaluation Example 11 

(Evaluation of radiation transmlttance) 

25 

[0503] The radiation transmlttance of coating films with a thickness of 1 00 nm prepared from the polyslloxanes (1 ) 
of Examples 65-71 at wavelengths of 157 nm and 193 nm was measured. The results are shown In Table 7. 



Table 7 



Polysiloxane 


Radiation transmlttance (%) 




157 nm 


193 nm 


Polysiloxane (1) of Example 65 


47 


93 


Polysiloxane (1) of Example 66 


45 


94 


Polysiloxane (1) of Example 67 


48 


95 


Polysiloxane (1) of Example 68 


49 


93 


Polysiloxane (1 ) of Example 69 


44 


96 


Polysiloxane (1 ) of Example 70 


46 


94 


Polysiloxane (1) of Example 71 


43 


97 


Polysiloxane of Comparative Example 9 


30 


95 



[0504] The results in the above table shows that the polyslloxanes (1 ) having a polysiloxane structure for the basic 
skeleton exhibited radiation transmlttance at a wavelength of 193 nm equivalent to or higher than the comparative 

45 polysiloxane obtained in Comparative Example 8. 

[0505] With regard to radiation transmlttance at a wavelength of 1 57 nm, the comparative polysiloxane obtained in 
Comparative Example 9 exhibited 30% radiation transmlttance, whereas the polyslloxanes (1) obtained In Examples 
65-71 was found to exhibit radiation transmlttance higher than that of the comparative polysiloxane obtained in Com- 
parative Example 9. Conventionally, the radiation transmlttance at a wavelength of 157 nm has been thought to de- 

so crease as the proportion of hydrocarbon structures In a polysiloxane Increases. The results of the measurement, how- 
ever, Indicated that notwithstanding a comparatively large proportion of hydrocarbon structures and varied partial struc- 
tures in the polymer the polysiloxane (1) exhibited high radiation transmlttance at a wavelength of 157 nm. 

Evaluation Examples 12 

55 _ ____ 

(Evaluation of the dry etching resistance) 

[0506] A solution composition was prepared by homogeneously mixing 1 00 parts of the polysiloxane (1 ) obtained In 
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Example 65 or polystyrene (Mw=1 6,000), 1 part of triphenylsutfonium nonafluoro-n-butanesulfonate, 0.04 part of tri- 
n-octylamine, and 900 parts of 2-heptanone. 

[0507] The solution composition was applied onto a silicon wafer substrate by spin coating and treated with heat on 
a hot plate maintained at a temperature of 140"C for 90 seconds a resist film with a thickness of 1 00 nm. 
5 [0508] The resist films obtained were subjected to the etching test using the etching gases shown in Table 8. The 
results are shown in Table 8. 



Tables 



Etching gase 


Etching rate (nm/min) 


B/A 


Resin 




A 


B 






Polystyrene 


Polysiloxane (1) 




CF3/CF4/N2/C4F6/Ar 


161 


178 


1.1 


CF4 


194 


222 


1.1 


CHF3/CF4/Ar 


118 


138 


1.2 


C4F6/02/Ar 


19 


22 


1.2 



[0509] The results of Table 8 ahow that the radiation-sensitive resin composition of the present invention exhibit high 
dry etching resistance almost equivalent to polystyrene under all etching conditions employed in the evaluation test. 



Example 72 

(Radiation-sensitive resin composition) 



30 



35 



[051 0] A solution composition was prepared by homogeneously mixing 1 00 parts of the polysiloxane (1 ) obtained in 
Example 65-70, 1 part of triphenylsulfonlum nonafluoro-n-butanesulfonate, 0.04 part of tri-n-octylamlne, and 900 parts 
of 2-heptanone. 

[051 1 ] The solution composition was applied onto a silicon wafer substrate by spin coating and treated with heat on 
a hot plate maintained at a temperature of 130**C for 90 seconds a resist film with a thickness of 1 00 nm. 
[0512] The resist film was exposed to an ArF excimer laser (wavelength: 1 93 nm) or F2 excimer laser (wavelength: 
157 nm) while changing the irradiation dose, heat-treated for 90 seconds on a hot plate maintained at a temperature 
of 100*C, and then developed in a 2.38 wt% aqueous solution of tetramethylammonlum hydroxide, thereby forming 
resist patterns. 

[0513] Observation of the exposed area on the substrate by a scannning-type electron microscope conflmned that 
the limit resolution shown in Table 9. 



40 



45 



so 



Table 9 



Polysiloxane 


limit resolution (p.m) 




ArF 


F2 


Polysiloxane (1 ) of Example 65 


0.14 


0.10 


Polysiloxane (1) of Example 66 


0.15 




Polysiloxane (1 ) of Example 67 


0.15 


0.10 


Polysiloxane (1 ) of Example 68 


0.16 




Polysiloxane (1) of Example 69 


0.18 




Polysiloxane (1) of Example 70 


0.18 





55 



[0514] The polysiloxane (1), polysiloxane (3), and polysiloxane (5) of the present invention exhibit high transparency 
to radiation of a wavelength of 1 93 nm or less, particularly to radiation of a wavelength of 1 57 nm, and exhibits superior 
dry etching resistance, resolution properties, and developability. Therefore, the radiation-sensitive resin composition 
containing these polysiloxanes exhibitji high sensitivity to sh^ wavelength radlatiori and can form fine resist patterns 
at high precision. The resin composition can be extremely useful for fabricating semiconductor devices, whrch wilT 
become more and more minute In the future. The polysiloxane (1 ), polysiloxane (3), and polysiloxane (5) are also useful 
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10 



IS 



20 



as a materia! for fabricating formed articles and films, and as laminating materials, components for coating composi- 
tions, and the iike. 

[0515] The silicon-containing alicyclic compound (2) and silicon-containing alicyclic compound (4) are useful as raw 
materials not only for producing the polysiloxane (3) and polyslloxane (5), respectively, but also as raw materials for 
producing common polysiloxane resins and other silicon-containing alicyclic compounds having similar norbomane- 
type cyclic structure. Furthermore, the methods of preparation of the polyslloxane (1 ), polysiloxane (3). and polysiloxane 
(5) of the present invention ensure a rapid and homogeneous condensation reaction accompanying hydrolysis, effec- 
tively reducing the amount of hydrolysable groups in the raw material left unreacted in the resulting polymer, thereby 
minimizing absorption of radiation by the hydrolysable groups. Because of this, the resulting polysiloxanes exhibit high 
radiation tansmittance at a wavelength of 193 nm and less, particularly at 157 nm, exhibit high sensitivity, and have a 
narrow molecular weight distribution. The radiation-sensitive resin composition prepared from such a polysiloxane is 
less susceptible to a negative-tone reaction when exposed to radiation with a short wavelength, producing resist pat- 
terns exhibiting improved adhesion to substrates and excellent developabllity. Thus, resist pattems with a fine line 
width and excellent configuration can be obtained using such a resin composition, particularly when exposed to radi- 
ation with a wavelength of 1 93 nm or less. The polycondensation of a raw material compound under acidic conditions, 
followed by basic conditions, produces a polysiloxane with increased degrees of polymerization and crosslinking. As 
a result, the polysiloxane with a high glass transition temperature can be obtained. Fine resist patterns can be formed 
with extreme advantage using such a polysiloxane. 

[0516] Obviously, numerous modifications and variations of the present Invention are possible in light of the above 
teachings. It is therefore to be understood that, within the scope of the appended claims, the invention may be practiced 
otherwise than as specifically described herein. 

[0517] A novel polyslloxane having the following structural units (I) and/or (II) and the structural unit (111), 



25 



30 



-Si-O- 
1 

o 



T 

-Si-0- 



-Si-O- 

t 

O 



(I) 



(I) 



(JO 



(ITT) 



35 



40 



wherein A^ and A^ are an acid-dissociable monovalent organic group, is hydrogen, monovalent (halogenated) 
hydrocartson, halogen, or amino, R2 Is monovalent (halogenated) hydrocarbon group, or halogen. A method of prepar- 
ing such a polyslloxane, a silicon-containing alicyclic compound providing this polyslloxane, and a radiation -sensitive 
resin composition comprising this polysiloxane are also provided. The polysiloxane is useful as a resin component for 
a resist material, effectively senses radiation with a short wavelength, exhibits high transparency to radiation and su- 
perior dry etching properties, and excels in basic resist properties required for resist materials such as high sensitivity, 
resolution, developabllity, etc. 



45 



Claims 

1. A polysiloxane having the following structural unit (I) and/or the following structural unit (II), and the following 
structural unit (ill), 
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wherein A** and individually represent a nnonovalent organic group having an acid-dissociable group which 
dissociates by the action of an acid, represents a hydrogen atom, a monovalent hydrocarbon group having 
1-20 carbon atoms, a monovalent halogenated hydrocarbon group having 1 -20 carbon atoms, a halogen atom, or 
a primary, secondary, or tertiary amino group, and represents a monovalent hydrocarbon group having 1-20 
carbon atoms, a monovalent halogenated hydrocarbon group having 1-20 carbon atoms, a halogen atom, or a 
primary, secondary, or tertiary amino group, 

the polysiloxane having a polystyrene- reduced weight average molecular weight detemnined by gel penneation 
chromatography (GPC) in the range of 500-1 ,000,000. 



A radiation-sensitive resin composition comprising: 



(a) a resin which comprises a polysiloxane insoluble or scarcely soluble in alkali and having the following 
structural unit (I) and/or the following structural unit (II), and the following structural unit (III), 
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wherein A^ and A^ Individually represent a monovalent organic group having an acid-dissociable group which 
dissociates by an action of an acid, R1 represents a hydrogen atom, a monovalent hydrocarbon group having 
1 -20 carbon atoms, a monovalent halogenated hydrocarbon group having 1 -20 carbon atoms, a halogen atom, 
or a primary, secondary, or tertiary amino group, and R2 represents a monovalent hydrocarbon group having 
1 -20 carbon atoms, a monovalent halogenated hydrocarbon group having 1 -20 carbon atoms, a halogen atom, 
or a primary, secondary, or tertiary amino group; the polysiloxane having a polystyrene-reduced weight average 
molecular weight determined by gel permeation chromatography (GPC) in the range of 500-1,000,000 and 
becoming soluble in alkali when an acid-dissociable group dissociates, and 
(b) a photoacid generator. 

A silicon-containing albycllc compound represented by the following fomnula (2-A) or (2-B), 
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O CH3 



(2-A) (2-B) 



wherein R indMclually represents a hydrogen atom or a methyl group; individually represents a hydrogen atom, 
a monovalent hydrocarbon group having 1 -20 carbon atoms, a monovalent halogenated hydrocarbon group having 
1-20 carbon atoms, a halogen atom, or a primary, secondary, or tertiary amino group; individually represents 
a monovalent hydrocarbon group having 1 -20 carbon atoms, a monovalent halogenated hydrocarbon group having 
1-20 carbon atoms, or the group of the following fomiula (i). 




wherein X individually represents a hydrogen atom, a monovalent hydrocarbon group having 1-20 carbon atoms, 
a monovalent halogenated hydrocarbon group having 1-20 carbon atoms, or a linear, branched, or cyclic alkoxyl 
group having 1-20 carbon atoms, and a indicates an integer of 1-1 0, or, when m is 0 or 1 , two R^ may fomri a ring 
together with two oxygen atoms and the silicon atom; Y Individually represents a hydrogen atom, a monovalent 
hydrocarbon group having 1-20 carbon atoms, a monovalent halogenated hydrocarbon group having 1 -20 carbon 
atoms, a halogen atom, a primary, secondary, or tertiary amino group, or a group =0R3 (wherein R^ Is the same 
as defined above) ; m is an integer of 0-3; p is an integer of 3-1 0, and n is an integer of 0-3; the silicon atom binding 
with the 2 or 3 position of the uppermost bicyclo[2. 2.1] heptane ring. 



A polysiloxane comprising the following structural unit (1-1) and/or the following structural unit (11-1), 
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(1 1) (u-J) 



Wherein R individually represents a hydrogen atom or a methyl group, R1 represents a hydrogen atom, a mono- 
valent hydrocarbon group having 1-20 carbon atoms, a monovalent halogenated hydrocarbon group having 1-20 
carbon atoms, a halogen atom, or a primary, secondary, or tertiary amino group, and n' Is an integer from 1-3, the 
silicon atom binding with the 2 or 3 position of the uppermost bicyclo[2.2.1]heptane ring; 

the polyslloxane having a polystyrene-reduced weight average molecular weight determined by gel penmeation 
chromatography (GPC) in the range of 500-1 ,000,000. 

A silicon-containing alicyclic compound represented by the following fomnula (4-A) or formula (4-B), 
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wherein R individually represents a hydrogen atom or a methyl group; individually represents a hydrogen atom, 
a monovalent hydrocarbon group having 1 -20 carbon atoms, a monovalent halogenated hydrocarbon group having 
1-20 carbon atoms, a halogen atom, or a primary, secondary, or tertiary amino group; R3 individually represents 
a monovalent hydrocarbon group having 1 -20 carbon atoms, a monovalent halogenated hydrocarbon group having 
1-20 carbon atoms, or the group of the following fomriula (i). 




wherein X individually represents a hydrogen atom, a monovalent hydrocarbon group having 1 -20 carbon atoms, 
a monovalent halogenated hydrocarbon group having 1-20 carbon atoms, or a linear, branched, or cyclic alkoxyl 
group having 1 -20 carbon atoms, and a indicates an integer of 1 -1 0, or, when m is 0 or 1 , two R^ may fonri a ring 
together with two oxygen atoms and the silicon atom; Y individually represents a hydrogen atom, a monovalent 
hydrocarbon group having 1 -20 carbon atoms, a monovalent halogenated hydrocarbon group having 1 -20 carbon 
atoms, a halogen atom, a primary, secondary, or tertiary amino group, or a group =OR3 (wherein R3 is the same 
as defined above) ; m is an integer of 0-3; p is an integer of 3-1 0; Rf represents a hydrogen atom, methyl group, 
ortrifluoromethyl group; Z represents a hydrogen atom or a monovalent organic group dissociating hydrogen atoms 
with the action of an acid; and n is an integer of 0-3; the silicon atom binding with the 2 or 3 position of the uppermost 
bicyclo[2.2.1]heptane ring. 

A polysiioxane comprising the following structural unit (1-2) and/or structural unit (11-2), 
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wherein R indivldualty represents a hydrogen atom or a methyl group; represents a hydrogen atom, a 
monovalent hydrocarbon group having 1 -20 carbon atoms, a monovalent halogenated hydrocarbon group 
having 1-20 carbon atoms, a halogen atom, or a primary, secondary, or tertiary amino group, and 
Rf represents a hydrogen atom, methyl group, or trifluoromethyl group; Z represents a hydrogen atom or a 
monovalent organic group dissociating hydrogen atoms with an action of an acid; and n is an Integer of 0-3; 
the silicon atom binding with the 2 or 3 position of the uppermost bicyclo[2.2.1]heptane ring; 
The polyslioxane having a polystyrene- reduced weight average molecular weight detemitned by gel perme- 
ation chromatography (GPC) in the range of 500-1 ,000,000. 

The polysiloxane according to claim 1 , satisfying the following conditions (1) or (2), or both: 

(1) has the structural unit (1-1) of claim 4 and the structural unit (1-2) of claim 6, as the structural unit (I), or 

(2) has the stmctural unit (11-1) of claim 4 and the structural unit (11-2) of claim 6, as the stmctural unit (II). 

The radiation-sensitive resin composition according to claim 2, satisfying the following conditions (3) or (4), or both: 

(3) has the component (a) which has the following structural unit (1-1*) and the structural unit (1-2) of claim 6. 
as the structural unit (i), or 

(4) has the component (a) which has the following structural unit (11-1 ') and the structural unit (11-2) of claim 6, 
as the structural unit (11), 
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25 

wherein R individually represents a hydrogen atonn or a methyl group; R** represents a hydrogen atom, a 
monovalent hydrocarbon group having 1 -20 carbon atoms, a monovalent halogenated hydrocarbon group 
having 1-20 carbon atoms, a halogen atom, or a primary, secondary, or tertiary amino group; 2' represents a 
monovalent organic group dissociating hydrogen atoms by the action of oxygen; and n' is an integer from 1-3; 
30 the silicon atom binding with the 2 or 3 position of the uppermost bicycle [2.2.1] heptane ring. 

9. A radiation-sensitive resin composition comprising: 

(a) polysiloxane comprising at least one structural unit selected from the structural unit (1-1 ') and the structural 
35 unit (11-1 ') described In claim 8, having apolystyrene-reduced weight average molecular weight determined by 

gel permeation chromatography (GPC) in the range of 500-1, 000, 000, and insoluble or scarcely soluble in 
alkali, and a polysiloxane comprising at least one structural unit selected from the structural unit (1-2) and the 
structural unit (11-2) described in claim 6, having a polystyrene-reduced weight average molecular weight de- 
temiined by gel pemieation chromatography (GPC) in the range of 500-1 ,000,000, and insoluble or scarcely 
40 soluble in alkali, the resin becoming soluble in alkali when the acid-dissociable group dissociates, and 

(b) a photoacid generator. 

10. A method of preparing the polysiloxane of Claim 1 comprising a step of polycondensing the following compounds 
in the presence of an acidic catalyst: 

45 

(a) at least one compound selected from the group consisting of a compound shown by the following formula 
(6) or a linear or cyclic oligomer prepared by partial condensation of this compounder (b) at least one compound 
selected from the group consisting of a compound shown by the following formula (7) or a linear or cyclic 
oligomer prepared by partial condensation of this compound, or both (a) and (b), and 
so (c) at least one compound selected from the group consisting of a compound shown by the following formula 

(8) or a linear or cyclic oligomer prepared by partial condensation of this compound, 
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(6) 



(7) 



(8) 



wherein A"" and individually represent a monovalent organic group having an acid-dissociable group which 
dissociates by the action of an acid; R"" represents a hydrogen atom, a monovalent hydrocarbon group having 
1 -20 carbon atoms, a monovalent halogenated hydrocarbon group having 1 -20 carbon atoms, a halogen atom, 
or a primary, secondary, or tertiary amino group; represents a monovalent hydrocarbon group having 1-20 
carbon atoms, a monovalent halogenated hydrocarbon group having 1-20 carbon atoms, a halogen atom, or 
a primary, secondary, or tertiary amino group; and individually represents a monovalent hydrocarbon group 
having 1-20 carbon atoms, a monovalent halogenated hydrocarbon group having 1-20 carbon atoms, or the 
group of the following formula (1), 



wherein X individually represents a hydrogen atom, a monovalent hydrocarbon group having 1-20 carbon 
atoms, a monovalent halogenated hydrocarbon group having 1-20 carbon atoms, or a linear, branched, or 
cyclic alkoxyl group having 1-20 carbon atoms, and a indicates an integer of 1-10. 

11. A method of preparing the polysiloxane of Claim 4 comprising a step of polycondensing at least one compound 
selected from the group consisting of the silicon-containing alicyclic compound described in claim 3 and a linear 
or cyclic oligomer prepared by partial condensation of this silicon -containing alicyclic compound in the presence 

of an acidic catalyst. 

12. A method of preparing the polysiloxane of Claim 6 comprising a step of polycondensing at least one component 
selected from the group consisting of the silicon-containing alicyclic compound described In claim 5 or a linear or 
cyclic oligomer prepared by partial condensation of this silicon-containing alicyclic compound in the presence of 
an acidic catalyst. 
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